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C H A P T E R  1 .  I N T R O D U C T I O N  
Q u e s t i o n s  p l a y  a n  i m p o r t a n t  r o l e  i n  s c i e n c e  l a b o r a t o r y  c l a s s e s .  T h i s  c o n c l u s i o n  
w a s  r e a c h e d  f o l l o w i n g  s e v e r a l  o b s e r v a t i o n s  o f  s c i e n c e  a n d  e n g i n e e r i n g  l a b s  a t  I o w a  
S t a t e  U n i v e r s i t y .  A l m o s t  a l l  i n t e r a c t i o n s  i n v o l v e d  q u e s t i o n s ,  a n d  s o m e  d i a l o g s  s e e m e d  
t o  c o n t a i n  e v e n  m o r e  q u e s t i o n s  t h a n  s t a t e m e n t s .  T h e  s t u d e n t s  a n d  t e a c h i n g  a s s i s t a n t s  
a s k e d  e a c h  o t h e r  a n  i m p r e s s i v e  n u m b e r  o f  q u e s t i o n s  i n  v a r i o u s  f o r m s  a n d  f o r  v a r i o u s  
r e a s o n s .  
T h i s  c a s e  s t u d y  o f  t w o  i n t r o d u c t o r y  p h y s i c s  l a b s  i s  a n  o u t g r o w t h  o f  o b s e r v a t i o n s  
m a d e  f o r  t h e  G r a d u a t e  C o l l e g e  a t  I S U .  I t  f o c u s e s  o n  t h e  q u e s t i o n s  a s k e d  b y  t h e  
i n t e r n a t i o n a l  t e a c h i n g  a s s i s t a n t s  ( I T  A s )  i n  c h a r g e  o f  t h e  l a b s  a s  w e l l  a s  t h o s e  a s k e d  
b y  t h e i r  s t u d e n t s .  S o m e  s i t u a t i o n s  a n d  s t u d e n t  a t t i t u d e s  t h a t  I T A s  m i g h t  e n c o u n t e r  
i n  t h e  l a b o r a t o r y  c l a s s r o o m  w i l l  a l s o  b e  t o u c h e d  u p o n .  
T h e r e  i s  m o r e  t h a n  o n e  r e a s o n  f o r  d o i n g  a  c a s e  s t u d y  r a t h e r  t h a n  a  s t r i c t l y  
q u a n t i t a t i v e  r e s e a r c h  p r o j e c t .  C a s e  s t u d i e s  a r e  h i g h l y  d e s c r i p t i v e  a n d  a l l o w  c l o s e  
e x a m i n a t i o n  o f  i n f o r m a t i o n  t h a t  m i g h t  n o t  b e  c o n s i d e r e d  s t a t i s t i c a l l y  r e l e v a n t  i n  a  
q u a n t i t a t i v e  a n a l y s i s .  A  l a r g e  a m o u n t  o f  d a t a ,  e v e n  i f  f r a g m e n t a r y ,  g a t h e r e d  f r o m  a  
l i m i t e d  s o u r c e  c a n  p r o v i d e  u s e f u l ,  d e t a i l e d  i n f o r m a t i o n  i n  a  q u a l i t a t i v e  a n a l y s i s  a n d  
s u g g e s t  a r e a s  f o r  f u t u r e  r e s e a r c h .  T h e  t w o  p h y s i c s  l a b s  u s e d  i n  t h i s  s t u d y  w e r e  c h o s e n  
f o r  h a v i n g  t h e  s a m e  s p e e c h  s i t u a t i o n - s a m e  l a b o r a t o r y  e x p e r i m e n t s ,  e q u i p m e n t ,  a n d  
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e n v i r o n m e n t - t h u s  r e d u c i n g  p o s s i b l e  v a r i a b l e s .  
W h y  b e  i n t e r e s t e d  i n  t h e  s p o k e n  d i s c o u r s e  a n d  a c t i v i t i e s  o f  I T A s  i n  s c i e n c e  l a b s  
a t  a l l ?  F i r s t ,  a  l a r g e  n u m b e r - a p p r o x i m a t e l y  6 0 %  ( M y e r s  a n d  P l a k a n s ,  1 9 9 1 ) - o f  
g r a d u a t e  t e a c h i n g  a s s i s t a n t s  ( n a t i v e  a n d  n o n - n a t i v e  s p e a k e r s )  a t  I S U ,  a s  a t  o t h e r  
u n i v e r s i t i e s ,  a r e  p l a c e d  i n  c h a r g e  o f  l a b  s e c t i o n s  i n  t h e i r  m a j o r  f i e l d  o f  s t u d y .  A l -
t h o u g h  t h e  d u t i e s  o f  l a b  T A s  d i f f e r  w i d e l y  b e t w e e n  d i s c i p l i n e s  a n d  l e v e l s ,  a  c o m m o n  
d e n o m i n a t o r  o f  l a b  c l a s s e s  i s  t h e  o n e - o n - o n e  i n t e r a c t i o n  b e t w e e n  T A  a n d  s t u d e n t ,  
w i t h  t h e  g r e a t e s t  e m p h a s i s  o n  q u e s t i o n s .  
A  s e c o n d  p o i n t  o f  i n t e r e s t  i n  l o o k i n g  a t  t h e  d i s c o u r s e  a n d  a c t i v i t i e s  i n  l a b  
c l a s s e s  i s  t h a t  m a n y  I o w a  S t a t e  I T A s  w h o  m a r g i n a l l y  p a s s  t h e  E n g l i s h  s c r e e n i n g  
t e s t s  ( S P E A K  a n d  T E A C H )  a r e  p l a c e d  i n  l a b s  w h e n  t h e i r  l e v e l  o f  E n g l i s h  i s  c o n s i d -
e r e d  t o o  l o w  f o r  a  p o s i t i o n  a s  a  r e c i t a t i o n  T A .  I t  i s  q u e s t i o n a b l e  w h e t h e r  t h e i r  l e v e l  
o f  p r o f i c i e n c y  i s  a d e q u a t e  f o r  a  l a b  p o s i t i o n  e i t h e r .  F u r t h e r m o r e ,  t h o s e  I T A s  w h o  d o  
n o t  p a s s  t h e  s c r e e n i n g  t e s t  a r e  r e c o m m e n d e d  t o  t a k e  E n g l i s h  1 8 0 ,  a  c o u r s e  d e s i g n e d  
t o  i m p r o v e  s p o k e n  E n g l i s h  a n d  t e a c h i n g  t e c h n i q u e s  f o r  A m e r i c a n  u n i v e r s i t y  c l a s s e s .  
A l m o s t  a l l  o f  t h e s e  I T A s  a r e  t h e n  a s s i g n e d  t o  l a b s .  A r e  t h e y  g e t t i n g  t h e  p r e p a r a t i o n  
t h e y  n e e d  f o r  t h e i r  t e a c h i n g  a s s i g n m e n t s ?  
T h e  T E A C H  t e s t ,  l i k e  t h e  E n g l i s h  1 8 0  c o u r s e ,  h a s  a  d e s i g n  c l o s e r  t o  a  r e c i t a t i o n  
c l a s s  t h a n  a  l a b  c l a s s .  T h e  I T A  i s  g i v e n  a p p r o x i m a t e l y  2 4  h o u r s  t o  p r e p a r e  a  f i v e -
m i n u t e  p r e s e n t a t i o n  o n  s u b j e c t  m a t t e r  w h i c h  i s  p r o v i d e d .  F o l l o w i n g  t h e  f i v e - m i n u t e  
l e c t u r e ,  t h e  s t u d e n t  q u e s t i o n e r s  i n  t h e  " c l a s s "  h a v e  t h r e e  m i n u t e s  t o  a s k  q u e s t i o n s  
r e l a t e d  t o  t h e  c o n t e n t  o f  t h e  m a t e r i a l  p r e s e n t e d  b y  t h e  I T A  o r  r e l a t e d  t o  t h e  c l a s s r o o m  
( e . g . ,  D o  y o u  g i v e  p o p  q u i z z e s ? ) .  T h e  I T A  i s  n o t  · e x p e c t e d  t o  a s k  q u e s t i o n s  o f  t h e  
c l a s s  a n d  h a s  l i t t l e  o p p o r t u n i t y  f o r  t h e  k i n d  o f  o n e - o n - o n e  i n t e r a c t i o n  f o u n d  i n  t h e  
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t w o  p h y s i c s  l a b s  o b s e r v e d  f o r  t h i s  s t u d y .  T h e  t h r e e - m i n u t e  q u e s t i o n i n g  p e r i o d  d o e s  
a l l o w  f o r  n e g o t i a t i o n  o f  m e a n i n g  b y  t h e  I T A  a n d  " s t u d e n t s , "  w h i c h  i s  t y p i c a l  o f  
l a b  d i s c o u r s e ,  b u t  t h e  c o n t e n t  q u e s t i o n s  a r e  a l l  d i r e c t e d  t o w a r d  w h a t  t h e  I T A  h a s  
p r e s e n t e d ,  n o t  w h a t  t h e  s t u d e n t  i s  t r y i n g  t o  d o .  
T h e  a p p a r e n t  n e e d  i n  t h e  a r e a  o f  I T A  t r a i n i n g  t o  e x p l o r e  t h e  f o r m  a n d  f u n c t i o n  
o f  q u e s t i o n s  a s  f o u n d  i n  a  s c i e n c e  l a b  c o n t e x t  i s  t h e  b a s i s  o f  t h i s  c a s e  s t u d y .  T h e  
o p p o r t u n i t y  i n  I T A  t r a i n i n g  t o  i n f l u e n c e  t h e  q u e s t i o n i n g  t e . c h n i q u e s  o f  I T A s  p u t s  t h e  
f o c u s  o f  t h i s  s t u d y  o n  t h e  q u e s t i o n s  a s k e d  b y  t h e  t w o  I T A s  o b s e r v e d .  
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C H A P T E R  2 .  L I T E R A T U R E  R E V I E W  
R e l e v a n t  r e s e a r c h  t o  t h e  t o p i c  o f  t h e  r o l e  o f  q u e s t i o n s  i n  t w o  p h y s i c s  l a b s  t a u g h t  
b y  I T A s  c a n  b e  f o u n d  i n  a  v a r i e t y  o f  a r e a s .  T h e  f o l l o w i n g  a r e  i n c l u d e d  i n  t h i s  c h a p t e r :  
1 .  t h e  " f o r e i g n  T A  p r o b l e m , "  2 .  q u a l i t a t i v e  r e s e a r c h  a n d  e t h n o g r a p h i c  m e t h o d o l o g y ,  
3 .  q u e s t i o n  f o r m s  a n d  f u n c t i o n s ,  4 .  q u e s t i o n s  i n  s c i e n c e  t e a c h i n g ,  a n d  5 .  n a t i v e  
s p e a k e r - n o n - n a t i v e  s p e a k e r  ( N S - N N S )  i n t e r a c t i o n s .  
T h e  " F o r e i g n  T A  P r o b l e m "  
T h e  " f o r e i g n  T A  p r o b l e m , "  a s  d e s c r i b e d  b y  B a i l e y  i n  a n  a r t i c l e  o f  t h e  s a m e  
n a m e  ( a n d  a d d r e s s e d  b y  n u m e r o u s  o t h e r s  a l s o  i n  B a i l e y  e t  a l . ,  1 9 8 4 ) ,  m a y  b e  f o u n d  
a t  m a n y  l a r g e  u n i v e r s i t i e s  w h i c h  e m p l o y  i n t e r n a t i o n a l  t e a c h i n g  a s s i s t a n t s  ( I T  A s )  a s  
i n s t r u c t o r s  o f  a  g r e a t  n u m b e r  o f  u n d e r g r a d u a t e  c o u r s e s .  T h e s e  I T A s  v e r y  o f t e n  h a v e  
d i f f i c u l t y  i n  s p e a k i n g  E n g l i s h ,  a n d  t h i s  p r o b l e m  e x t e n d s  b e y o n d  t h e i r  o r a l  p r o f i c i e n c y  
i n t o  t h e  r e a l m  o f  c u l t u r a l  d i f f e r e n c e s  a n d  e x p e c t a t i o n s .  C o m p o u n d i n g  t h e  p r o b l e m  
m a y  b e  a n  i n c r e a s i n g  e t h n o c e n t r i c  p e r c e p t i o n  h e l d  b y  A m e r i c a n  s t u d e n t s  w h o  a r e  a l s o ·  
d e m a n d i n g  w h a t  t h e y  a n d  t h e i r  p a r e n t s  c o n s i d e r  t o  b e  t h e i r  r i g h t s  a s  " c o n s u m e r s "  
o f  a  c o l l e g e  e d u c a t i o n .  M e r r i a m  ( 1 9 8 8 )  w r i t e s  s p e c i f i c a l l y  a b o u t  t h e  s i t u a t i o n  i n  
s c i e n c e  d e p a r t m e n t s  a t  l a r g e  r e s e a r c h  u n i v e r s i t i e s  w h e r e  p r o f e s s o r s  a r e  v a l u e d  f o r  
t h e i r  r e s e a r c h  c a p a b i l i t i e s  n o t  t e a c h i n g .  W i t h  p r o f e s s o r s  d e v o t i n g  m o r e  o f  t h e i r  t i m e  
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t o  r e s e a r c h ,  t h e  t e a c h i n g  l o a d  o f  u n d e r g r a d u a t e  c l a s s e s  i s  l e f t  i n c r e a s i n g l y  t o  g r a d u a t e  
t e a c h i n g  a s s i s t a n t s ,  m a n y  o f  w h o m  v i e w  t h i s  p o s i t i o n  a s  a  n e c e s s a r y  m e a n s  o f  s u p p o r t  
w h i l e  i n  s c h o o l  b u t  i r r e l e v a n t  t o  t h e i r  f u t u r e  a s  s c i e n t i s t s .  M o r e o v e r ,  f e w e r  a n d  
f e w e r  A m e r i c a n  s t u d e n t s  a r e  e n t e r i n g  g r a d u a t e  s c h o o l  o r ,  c o n s e q u e n t l y ,  b e c o m i n g  
t e a c h i n g  a s s i s t a n t s .  T h i s  i s  n o t  i n d i c a t i v e  o f  a n  o v e r a l l  d e c l i n e  i n  t h e  n u m b e r  o f  
g r a d u a t e  s t u d e n t s  i n  t h e  s c i e n c e s ;  r a t h e r ,  i n t e r n a t i o n a l  s t u d e n t s  a r e  f i l l i n g  i n  t h e  
e m p t y  s p a c e s .  A s  m a n y  a s  " 2 5 . 6  p e r c e n t  o f  a l l  s c i e n c e  a n d  e n g i n e e r i n g  g r a d u a t e  
s t u d e n t s "  i n  t h e  U n i t e d  S t a t e s  i n  1 9 8 5  c a m e  f r o m  o u t s i d e  t h e  U n i t e d  S t a t e s  ( p .  
1 0 4 ) .  T h e  l o w  s t a t u s  o f  t e a c h i n g  c o m b i n e d  w i t h  a n  i n c r e a s e  i n  n o n - n a t i v e  s p e a k i n g  
g r a d u a t e  s t u d e n t s  b e c o m i n g  t e a c h i n g  a s s i s t a n t s  v e r y  l i k e l y  c o n t r i b u t e s  t o  t h e  " f o r e i g n  
T A  p r o b l e m . "  .  
B o z a c k  ( 1 9 8 3 )  m o r e  s p e c i f i c a l l y  a d d r e s s e s  t h e  r o l e  o f  t h e  t e a c h i n g  a s s i s t a n t  i n  
p h y s i c s .  H e  s t a t e s  t h a t  b e c a u s e  o f  t h e  h i g h  a m o u n t  o f  c o n t a c t  b e t w e e n  p h y s i c s  
s t u d e n t s  a n d  T A s  i n  u n d e r g r a d u a t e  c l a s s e s ,  " s t u d e n t  a t t i t u d e s  t o w a r d  p h y s i c s  a n d  
p h y s i c s  t e a c h i n g  c o u l d  d e p e n d  m o r e  o n  t h e  T A  t h a n  t h e  l e c t u r e r  o r  p r o f e s s o r "  ( p .  
2 1 ) .  C o n s e q u e n t l y ,  w h e n  l e a r n i n g  p h y s i c s  i s  c o m p l i c a t e d  b y  h a v i n g  a  l a r g e  p o r t i o n  
o f  c l a s s e s  t a u g h t  b y  I T A s  " w h o  i n i t i a l l y  h a v e  s o m e  d i f f i c u l t y  w i t h  t h e  l a n g u a g e "  ( p .  
2 2 ) ,  s t u d e n t  a t t i t u d e s  t o w a r d  p h y s i c s  A N D  I T A s  c o u l d  b e  n e g a t i v e ,  e s p e c i a l l y  s i n c e  
A m e r i c a n  s t u d e n t s  p l a c e  s u c h  a  h i g h  i m p o r t a n c e  o n  g r a d e s  ( m o r e  s o  t h a n  o n  a c t u a l  
l e a r n i n g )  ( K a n d e l ,  1 9 8 9 ) ,  a n d  I T A s  c a n  e a s i l y  b e  b l a m e d  b y  s t u d e n t s  f o r  t h e i r  o w n  
l a c k  o f  u n d e r s t a n d i n g  a n d /  o r  p o o r  g r a d e s .  
I t  s e e m s  u n l i k e l y  t h a t  t h e  t r e n d  o f  u s i n g  I T A s  t o  t e a c h  u n d e r g r a d u a t e  c o u r s e s  a t  
l a r g e  r e s e a r c h  u n i v e r s i t i e s  w i l l  c h a n g e  i n  t h e  n e a r  f u t u r e .  T h e  p o i n t ,  t h e n ,  i s  t o  i m -
p r o v e  t h e  e x i s t i n g  s i t u a t i o n  s o  t h a t  t h e  b e n e f i t s  o f  i n t e r n a t i o n a l  e d u c a t i o n a l  e x c h a n g e  
6  
w i l l  b e  r e c o g n i z e d  a n d  d i s a d v a n t a g e s  l e s s e n e d .  T h i s  m e a n s  n o t  o n l y  i m p r o v i n g  t h e  
s p o k e n  E n g l i s h  s k i l l s  o f  I T A s ,  b u t  p r o v i d i n g  t h e m  w i t h  t r a i n i n g  i n  A m e r i c a n  u n i v e r -
s i t y  c l a s s r o o m  c u l t u r e  a n d  t e a c h i n g  a s  w e l l .  S t u d e n t s ,  t o o ,  s h o u l d  b e  m a d e  a w a r e  o f  
w h a t  t h e y  c a n  d o  t o  f a c i l i t a t e  u n d e r s t a n d i n g  a n d  c o m m u n i c a t i o n  w i t h  t h e i r  I T A s .  
P e r h a p s  t h e y  c o u l d  l e a r n  b e t t e r  q u e s t i o n - f o r m i n g  a n d  l i s t e n i n g  s k i l l s  a n d  s u s p e n d  
j u d g m e n t  o n  a n  I T A ' s  s p e a k i n g  a b i l i t y  f o r  t h e  f i r s t  c o u p l e  o f  w e e k s .  
I t  s e e m s  m o r e  l i k e l y  u n d e r  t h e  c u r r e n t  s y s t e m ,  h o w e v e r ,  t h a t  t h e  I T A s '  e x p e c t a -
t i o n s ,  t e a c h i n g  t e c h n i q u e s ,  a n d  s p o k e n  E n g l i s h  w i l l  b e  i n f l u e n c e d  t h a n  t h e  s t u d e n t s '  
e x p e c t a t i o n s ,  a t t i t u d e s ,  a n d  l e a r n i n g  t e c h n i q u e s .  C o n s e q u e n t l y ,  t h e  f o c u s  o f  t h i s  r e -
s e a r c h  w i t h  r e g a r d  t o  t h e  " f o r e i g n  T A  p r o b l e m "  i s  o n  t h e  I T A s  a n d  p o s s i b i l i t i e s  o f  
b e t t e r  p r e p a r a t i o n  f o r  t e a c h i n g  a s s i g n m e n t s  i n  t h e  l a b o r a t o r y  c l a s s r o o m .  
Q u a l i t a t i v e  R e s e a r c h  a n d  E t h n o g r a p h i c  M e t h o d o l o g y  
Q u a l i t a t i v e  r e s e a r c h ,  w i t h  w e l l  d o c u m e n t e d  p r o c e d u r e  a n d  a n a l y s i s  s t e p s ,  c a n  
p r o d u c e  i n s i g h t f u l  a n d  h i g h l y  d e s c r i p t i v e  s t u d i e s .  A c c o r d i n g  t o  M i l e s  a n d  H u b e r m a n  
(  1 9 8 4  ) ,  m a k i n g  n o t e  o f  e a c h  s t e p  t a k e n  d u r i n g  e a c h  p a r t  o f  t h e  r e s e a r c h  p r o j e c t  l e a d i n g  
u p  t o  t h e  c o n c l u s i o n s  d r a w n  m a k e s  q u a l i t a t i v e  r e s e a r c h  m o r e  r e l i a b l e  a n d  g i v e s  o t h e r  
r e s e a r c h e r s  a n  o p p o r t u n i t y  t o  b e t t e r  t e s t  t h e  r e s u l t s .  A l s o ,  w i t h  s o m e  i d e a  o f  w h a t  
t o  e x p e c t  i n  t h e  s t u d y ,  t h e  f o c u s  o f  t h e  r e s e a r c h  c a n  b e  n a r r o w e d  s o  a s  t o  i n c l u d e  
n u m e r i c a l  d a t a  t o  s u p p o r t  t h e  d e s c r i p t i o n s  w i t h o u t  r e s t r i c t i n g  t h e  r e s e a r c h  s o  m u c h  
t h a t  i m p o r t a n t ,  n o n - n u m e r i c a l  o b s e r v a t i o n s  a r e  l e f t  o u t .  
A n  e t h n o g r a p h i c  m e t h o d o l o g y  g o e s  h a n d  i n  h a n d  w i t h  q u a l i t a t i v e  r e s e a r c h .  I n  
u s i n g  e t h n o g r a p h i c  m e t h o d o l o g y ,  t h e  l a n g u a g e  r e s e a r c h e r  g o e s  o u t  i n t o  t h e  f i e l d  o f  
n a t u r a l l y  o c c u r r i n g  l a n g u a g e  m u c h  a s  a n  a n t h r o p o l o g i s t  g o i n g  i n t o  a  f o r e i g n  c u l t u r e  
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t o  c o l l e c t  d a t a .  A l t h o u g h  t h e  r e s e a r c h  c a n n o t  b e  a s  s c i e n t i f i c a l l y  c o n t r o l l e d  a s  i n  
e x p e r i m e n t a l  s t u d i e s ,  t h e r e  i s  g r e a t  v a l u e  i n  o b t a i n i n g  l a n g u a g e  i n  i t s  n a t u r a l  c o n t e x t ,  
p a r t i c u l a r l y  i f  t h e  r e s u l t s  a r e  m e a n t  t o  b e  a p p l i e d  t o  t h a t  s e t t i n g .  V a n  L i e r  ( 1 9 8 8 )  
g i v e s  t h e  f o l l o w i n g  r a t i o n a l e  f o r  e t h n o g r a p h y :  
1 .  o u r  a c t u a l  k n o w l e d g e  o f  w h a t  g o e s  o n  i n  c l a s s r o o m s  i s  e x t r e m e l y  l i m i t e d ;  
2 .  i t  i s  r e l e v a n t  a n d  v a l u a b l e  t o  i n c r e a s e  t h a t  k n o w l e d g e ;  
3 .  t h i s  c a n  o n l y  b e  d o n e  b y  g o i n g  i n t o  t h e  c l a s s r o o m  f o r  d a t a ;  
4 .  a l l  d a t a  m u s t  b e  i n t e r p r e t e d  i n  t h e  c l a s s r o o m  c o n t e x t ,  i . e .  t h e  c o n t e x t  o f  t h e i r  
o c c u r r e n c e ;  
5 .  t h i s  c o n t e x t  i s  n o t  o n l y  a  l i n g u i s t i c  o r  c o g n i t i v e  o n e ,  i t  i s  a l s o  e s s e n t i a l l y  a  s o c i a l  
c o n t e x t .  ( p .  3 7 )  
B y  i n c r e a s i n g  o u r  k n o w l e d g e  o f  w h a t  a c t u a l l y  h a p p e n s  i n  a  c l a s s r o o m  ( p a r t i c u -
l a r l y  i n  l a b o r a t o r y  c l a s s r o o m s ,  w i t h  r e s p e c t  t o  I T A  t r a i n i n g ) ,  w e  w i l l  h a v e  a  b e t t e r  
i d e a  o f  w h a t  " i m p r o v e m e n t s "  t o  ' t r y .  
Q u e s t i o n  F o r m s  a n d  F u n c t i o n s  
B e f o r e  e x a m i n i n g  t h e  f o r m s  a n d  f u n c t i o n s  o f  q u e s t i o n s ,  p e r h a p s  s o m e  d e f i n i t i o n  
o f  t h e  t e r m  " q u e s t i o n "  s h o u l d  b e  g i v e n .  C h u r c h i l l  ( 1 9 7 8 ) ,  f o l l o w i n g  B o l i n g e r  ( 1 9 5 7 ) ,  
u s e s  f o u r  c r i t e r i a - o f  w h i c h  o n e  o r  m o r e  i s  n e c e s s a r y - t o  d e t e r m i n e  a  q u e s t i o n :  
1 .  I t  h a s  i n t e r r o g a t i v e  d i s t r i b u t i o n .  T h e  f a c t  t h a t . a n  a n s w e r  h a s  o c c u r r e d  f o l l o w i n g  
a n  u t t e r a n c e  c a n  o f t e n  b e  u s e d  t o  i n f e r  t h a t  a  q u e s t i o n  e l i c i t e d  i t .  
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2 .  I t  h a s  i n t e r r o g a t i v e  s y n t a x  . . .  
3 .  I t  h a s  i n t e r r o g a t i v e  i n t o n a t i o n  . . .  
4 .  I t  h a s  i n t e r r o g a t i v e  g e s t u r e s  . . .  ( p .  2 9 )  
H o w e v e r ,  t h e s e  c r i t e r i a  s e e m  t o  b e  i n c o m p l e t e  i n  t h a t  a  h e a r e r ,  w h o  d o e s  n o t  h a v e  
t h e  a d v a n t a g e  o f  t h e  f i r s t  c r i t e r i o n  b y  w h i c h  t o  j u d g e  a  q u e s t i o n ,  s o m e t i m e s  r e c o g n i z e s  
a n  u t t e r a n c e  a s  a  q u e s t i o n  e v e n  t h o u g h  i t  d o e s  n o t  m e e t  a n y  o f  t h e  o t h e r  c r i t e r i a .  
F o r  e x a m p l e ,  a  s t a t e m e n t  m a d e  i n  a  p h o n e  c o n v e r s a t i o n  s u c h  a s  " I  w a s  w o n d e r i n g  
i f  y o u  h a d  r e c e i v e d  t h e  p a c k a g e  I  s e n t "  w o u l d  v e r y  l i k e l y  e l i c i t  a  r e s p o n s e  o f  y e s  o r  
n o .  T h i s  c a n  b e  c o n s i d e r e d  a  " h i d d e n "  t y p e  o f  q u e s t i o n ,  w h o s e  i n t e r r o g a t i v e  q u a l i t y  
d e p e n d s  p r i m a r i l y  o n  i t s  l e x i c a l  a s p e c t  a n d  t h e  s p e e c h  s i t u a t i o n .  S o m e  s t a t e m e n t s  
h a v e  a n  i n t e r r o g a t i v e  q u a l i t y ,  b u t  t h e y  m a y  o r  m a y  n o t  b e  i n t e r p r e t e d  a s  q u e s t i o n s .  
B o t h  G o : f f m a n  ( 1 9 7 6 )  a n d  M e r r i t t  ( 1 9 7 6 )  e x a m i n e  t h e  p l a c e  o f  q u e s t i o n s  i n  c o n -
v e r s a t i o n ,  a s  t h e  f i r s t  p a r t  o f  a n  a d j a c e n c y  p a i r .  T h e  a d j a c e n c y  p a i r  i d e a  f o l l o w s  t h e  
s a m e  t h i n k i n g  a s  B o l i n g e r ' s  f i r s t  c r i t e r i o n :  A  q u e s t i o n  i s  f o l l o w e d  b y  s o m e  k i n d  o f  
r e s p o n s e .  A s  G o : f f m a n  f l o t e s ,  s o m e t i m e s  t h e  m e a n i n g  o f  t h e  a n s w e r  d e p e n d s  o n  t h e  
q u e s t i o n .  F o r  e x a m p l e ,  " E l e v e n "  m a k e s  p e r f e c t  s e n s e  w h e n  f o l l o w i n g  t h e  q u e s t i o n  
" H o w  o l d  a r e  y o u ? "  ( p .  2 5 8 ) .  
M e r r i t t  d i s c u s s e s  t h e  o c c u r r e n c e  o f  q u e s t i o n s  f o l l o w i n g  q u e s t i o n s  i n  s e r v i c e  e n -
c o u n t e r  d i a l o g s ,  w h e r e  t h e  a n s w e r  t o  a  q u e s t i o n  m a y  b e  d e l a y e d  b y  a n o t h e r  q u e s t i o n  
( " e m b e d d i n g "  o r  " c a l l  f o r  r e p l a y " )  o r  s u p e r s e d e d  ( " e l l i p t i c a l  c o u p l i n g " ) .  A n  e x a m p l e  
o f  e m b e d d i n g ,  b o r r o w e d  f r o m  M e r r i t t ,  i s  a s  f o l l o w s :  
C :  ( Q l )  M a y  I  h a v e  a  b o t t l e  o f  M i c h ?  
S :  ( Q 2 )  A r e  y o u  t w e n t y - o n e ?  
C :  ( A 2 )  N o .  
S :  ( A 1 )  N o .  
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A  c a l l  f o r  r e p l a y  s u c h  a s  " W h a t ? "  o r  " E x c u s e  m e ? "  a s k s  f o r  a  r e p e t i t i o n  o f  t h e  f i r s t  
q u e s t i o n  b e f o r e  a n  a n s w e r  c a n  b e  g i v e n .  E l l i p t i c a l  c o u p l i n g  i s  a c t u a l l y  a  t y p e  o f  
r e s p o n s e .  F o r  e x a m p l e ,  i f  a  c u s t o m e r  a s k s ,  " C a n  y o u  g i v e  m e  c h a n g e  f o r  a  d o l l a r ? "  
a n d  t h e  p e r s o n  a t  t h e  c a s h  r e g i s t e r  s a y s ,  " A l l  q u a r t e r s ? "  i t  i s  u n d e r s t o o d  t h a t  t h e  
a n s w e r  t o  t h e  f i r s t  q u e s t i o n  i s  y e s .  
A  q u e s t i o n ,  t h e n ,  c a n  b e  s e e n  a s  a n  u t t e r a n c e  w h i c h  h a s  i n t e r r o g a t i v e  q u a l i t y  
a n d /  o r  w h i c h  e x p e c t s  a n  a n s w e r  o f  s o m e  s o r t  t o  f o l l o w  e v e n t u a l l y .  T h i s  d e f i n i t i o n  
i m p l i e s  t h a t  w h a t  i s  c o n s i d e r e d  a  q u e s t i o n  m a y  v a r y  w i d e l y  i n  i t s  f o r m  a n d  f u n c t i o n .  
A  g r e a t  d e a l  o f  l i t e r a t u r e  h a s  b e e n  w r i t t e n  o n  t h e  f o r m s  a n d  f u n c t i o n s  o f  q u e s -
t i o n s .  T h e  r e s e a r c h  o n  w h i c h  thi~ s t u d y  i s  b a s e d  w i l l  b e  p r e s e n t e d  h e r e ;  t h e  f i n a l  
t a x o n o m i e s  o f  q u e s t i o n  f o r m s  a n d  f u n c t i o n s  u s e d  i n  t h i s  r e s e a r c h  p r o j e c t  w i l l  b e  
p r e s e n t e d  i n  d e t a i l  i n  t h e  n e x t  c h a p t e r .  
K e a r s l e y  ( 1 9 7 6 )  d e v i s e d  a  l o g i c a l  t a x o n o m y  o f  q u e s t i o n  f o r m s  " b a s e d  m o s t l y  o n  
s y n t a c t i c  c r i t e r i a "  ( p .  3 5 7 ) ,  w h i c h  p r o v i d e d  a  b a s i s  f o r  t h e  q u e s t i o n  f o r m  c a t e g o r i e s  
u s e d  i n  t h i s  s t u d y  ( s e e  F i g u r e  2 . 1 ) .  H i s  t a x o n o m y  i n i t i a l l y  s p l i t s  v e r b a l  f r o m  n o n -
v e r b a l  q u e s t i o n s .  T h e  n o n - v e r b a l  c a t e g o r y  i s  f u r t h e r  d i v i d e d  i n t o  o v e r t  ( e . g . ,  r a i s e d  
e y e b r o w s )  a n d  c o v e r t  ( q u e s t i o n s  a s k e d  a n d  a n s w e r e d  i n  o n e ' s  o w n  h e a d ) .  T h e  v e r b a l  
c a t e g o r y  h a s  m o r e  c o m p l i c a t e d  s u b d i v i s i o n s .  
T h e  f i r s t  s u b d i v i s i o n  o f  v e r b a l  q u e s t i o n s  i s  b e t w e e n  i n d i r e c t  a n d  d i r e c t .  I n d i r e c t  
q u e s t i o n s  a r e  a c t u a l l y  d e c l a r a t i v e  i n  f o r m ,  b u t  i n t e r r o g a t i v e  i n  f u n c t i o n .  I n  R e a r s -
l e y ' s  t a x o n o m y  t h e y  c o n t a i n  a n  e m b e d d e d  W H  p h r a s e  ( e . g . ,  I  w o n d e r  w h y  t h e y  l e f t  
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q u e s t i o n s  a r e  d i v i d e d  i n t o  s i m p l e  ( c o n t a i n i n g  o n e  Q - m a r k e r  ) ,  c o m p l e x  ( m o r e  t h a n  
o n e  Q - m a r k e r  ) ,  a n d  e m b e d d e d .  C l o s e d  q u e s t i o n s  a r e  d i v i d e d  f i r s t  i n t o  s p e c i f i e d -
a l t e r n a t i v e  ( o r - c h o i c e ,  e . g . ,  D o  I  t u r n  l e f t  o r  r i g h t ? )  o r  y e s / n o ,  a n d  t h e n  u n d e r  
y e s / n o  i n t o  s i m p l e  ( i n i t i a l  a u x i l i a r y ) ,  t a g  ( i n v e r t e d  a u x i l i a r y  a t  e n d ) ,  a n d  i n t o n a t e d  
( u n i n v e r t e d  w i t h  r i s i n g  i n t o n a t i o n ) .  
K e a r s l e y  a l s o  f o r m e d  a  t a x o n o m y  o f  q u e s t i o n  f u n c t i o n s  ( s e e  F i g u r e  2 . 2 ) ,  w h i c h  
w a s  c o m p r i s e d  o f  f o u r ,  n o t  m u t u a l l y  e x c l u s i v e ,  c a t e g o r i e s :  e c h o i c ,  e p i s t e m i c ,  e x -
p r e s s i v e ,  a n d  s o c i a l  c o n t r o l .  E c h o i c  q u e s t i o n s  a s k  f o r  r e p e t i t i o n  o r  f o r  c o n f i r m a t i o n  o f  
u n d e r s t a n d i n g .  E p i s t e m i c  q u e s t i o n s  s e e k  i n f o r m a t i o n  a n d  a r e  s u b d i v i d e d  i n t o  t h e  c a t -
e g o r i e s  r e f e r e n t i a l  a n d  e v a l u a t i v e  ( d i s p l a y ) .  R e f e r e n t i a l  q u e s t i o n s  r e q u e s t  i n f o r m a t i o n  
u n k n o w n  b y  t h e  s p e a k e r ,  w h e r e a s  e v a l u a t i v e  q u e s t i o n s  r e q u e s t  a  d i s p l a y  o f  k n o w l e d g e  
f r o m  t h e  h e a r e r  o f  w h a t  t h e  q u e s t i o n e r  a l r e a d y  k n o w s .  E x p r e s s i v e  q u e s t i o n s  g i v e  a t -
t i t u d i n a l  i n f o r m a t i o n  s u c h  a s  s u r p r i s e  o r  d o u b t .  S o c i a l  c o n t r o l ,  a  c a t e g o r y  n o t  u s e d  
i n  t h i s  p r o j e c t ,  i s  d i v i d e d  i n t o  t w o  s u b c a t e g o r i e s :  a t t e n t i o n  a n d  v e r b o s i t y .  A t t e n t i o n  
q u e s t i o n s  a l l o w  t h e  q u e s t i o n e r  t o  t a k e  c o n t r o l  o f  t h e  c o n v e r s a t i o n .  V e r b o s i t y  q u e s -
t i o n s  a r e  p o l i t e  c o n v e r s a t i o n  s u s t a i n e r s  s u c h  a s  m i g h t  b e  f o u n d  a t  a  c o c k t a i l  p a r t y .  
T h r e e  c a t e g o r i e s  f r o m  L o n g  a n d  S a t o  ( 1 9 8 3 )  w e r e  a d d e d  u n d e r  K e a r s l e y ' s  e c h o i c  
d i v i s i o n  t o  d e a l  m o r e  s p e c i f i c a l l y  w i t h  c l a s s r o o m  d i s c o u r s e :  c o m p r e h e n s i o n  c h e c k s ,  
c l a r i f i c a t i o n  r e q u e s t s ,  a n d  c o n f i r m a t i o n  c h e c k s .  L o n g  a n d  S a t o ' s  s i t u a t i o n  w a s  t h e  o p -
p o s i t e  o f  t h e  p r e s e n t  o n e  i n  t h a t  t h e  t e a c h e r s  w e r e  n a t i v e  s p e a k e r s  a n d  t h e  s t u d e n t s  
n o n - n a t i v e  s p e a k e r s  o f  E n g l i s h .  T h e y  m a k e  t h e  d i s t i n c t i o n ,  f o r  e x a m p l e ,  t h a t  c o m -
p r e h e n s i o n  c h e c k s  a r e  m a d e  b y  a  n a t i v e  s p e a k e r  ( t h e  t e a c h e r ) .  H o w e v e r ,  t h e r e  i s  n o  
r e a s o n  w h y  t h e s e  c a t e g o r i e s  c a n n o t  a p p l y  e q u a l l y  t o  n a t i v e  a n d  n o n - n a t i v e  s p e a k e r s ,  
. , - - . .  
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R E F E R E N T I A L  E V A L U A T I V E  A T T E N T I O N  - V E R B O S I T Y  
F i g u r e  2 . 2 :  Q u e s t i o n  F u n c t i o n s  ( f r o m  K e a r s l e y ,  1 9 7 6 )  
s t u d e n t s  a n d  t e a c h e r s .  
Q u e s t i o n s  i n  S c i e n c e  T e a c h i n g  
A s  B o n n s t e t t e r  (  1 9 8 8 )  s a y s ,  ; ' l e a r n i n g  i s  n o t  a  s p e c t a t o r  s p o r t . .  . .  S c i e n c e  e n t a i l s  
q u e s t i o n s ,  a n d  q u e s t i o n s  s u g g e s t  r e s p o n s e s  a n d  a c t i o n "  (  p . '  9 5  ) .  T h i s  v i e w  o f  q u e s t i o n s  
i n  s c i e n c e  t e a c h i n g  i s  n o t  n e w .  Q u e s t i o n s  h a v e  f o r  d e c a d e s  b e e n  c o n s i d e r e d  t o  p l a y  
a  v i t a l  r o l e  a s  t e a c h i n g  a n d  l e a r n i n g  d e v i c e s  i n  s c i e n c e  c l a s s e s ,  p a r t i c u l a r l y  l a b s ,  a  
p o i n t  m a d e  v e r y  w e l l  i n  a n  e d i t o r i a l  o r i g i n a l l y  w r i t t e n  i n  1 9 6 3  b y  S u t t o n  ( 1 9 7 4 ) .  I n  
h i s  o p i n i o n ,  b e i n g  a b l e  t o  a s k  t h o u g h t - p r o v o k i n g  q u e s t i o n s  o f  s t u d e n t s  a l o n g  w i t h  
e n c o u r a g i n g  s t u d e n t  q u e s t i o n s  b y  r e s p o n d i n g  t o  t h e m  w e l l  c a n  d o  m u c h  t o  a l l e v i a t e  
" t h e  s a d d e s t  d i s e a s e  i n  o u r  w h o l e  e d u c a t i o n a l  p r o c e s s . . .  t h e  a t r o p h y  o f  c u r i o s i t y ,  
i n q u i s i t i v e n e s s ,  a n d  t h e  e a g e r  a s k i n g  o f  q u e s t i o n s "  ( p .  3 7 4 ) . .  P a l d y  (  1 9 8 8  ) ,  i n  a n  
e d i t o r i a l  a b o u t  h i s  r e s o l u t i o n s  t o  i m p r o v e  h i s  c o u r s e ,  w r i t e s  t h a t  h e  " w o u l d  a s k  m o r e  
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q u e s t i o n s  a n d  p r o v i d e  f e w e r  a n s w e r s  i n  c l a s s ,  t r y  t o  b u i l d  i n  o p p o r t u n i t i e s  f o r  s t u d e n t s  
t o  p a r t i c i p a t e  m o r e  a c t i v e l y "  ( p .  7 ) .  A l o n g  t h e  s a m e  l i n e s ,  K o s e r  (  1 9 8 8 )  s t a t e s  t h a t  
b e s i d e s  a s k i n g  s t u d e n t s  t h o u g h t - p r o v o k i n g  q u e s t i o n s ,  h e  l i k e s  t o  r e s p o n d  t o  s t u d e n t  
q u e s t i o n s  " w i t h  a  d i r e c t e d  q u e s t i o n ,  w h i c h ,  i f  u n d e r s t o o d ,  w i l l  l e a d  t o  a  d e s i r e d  r e s u l t "  
( p .  3 8 ) .  
T h e  i m p o r t a n c e  o f  q u e s t i o n s  a n d  t e a c h e r - s t u d e n t  i n t e r a c t i o n  i n  s c i e n c e  l a b s  h a s  
a l s o  b e e n  n o t e d  i n  r e s e a r c h  d o n e  i n  t h e  f i e l d .  H o w e v e r ,  K y l e ,  P e n i c k ,  a n d  S h y m a n s k y  
( 1 9 8 0 )  f o u n d  i n  a  d e s c r i p t i v e  s t u d y  o f  i n s t r u c t o r  b e h a v i o r  t h a t  t h e  i n s t r u c t o r s  s p e n t  
v e r y  l i t t l e  t i m e  a s k i n g  t h e i r  s t u d e n t s  q u e s t i o n s  o r  e v e n  a n s w e r i n g  t h e m .  
M y e r s  a n d  P l a k a n s  ( 1 9 9 0 ) ,  o n  t h e  o t h e r  h a n d ,  f o u n d  t h a t  m a n y  q u e s t i o n s  w e r e  
a s k e d  b o t h  b y  I T A s  a n d  s t u d e n t s  i n  f i v e  l a b s  o b s e r v e d .  T w o  o f  t h e  f i v e  I T A s  i n  t h e  
s t u d y ,  w h o  a c t i v e l y  a s k e d  q u e s t i o n s  t o  h e l p  c o m m u n i c a t i o n  a n d  t o  g e t  s t u d e n t s  t o  
t h i n k  m o r e  a b o u t  w h a t  t h e y  w e r e  d o i n g ,  h a d  m o r e  s u c c e s s  i n  r e l a t i n g  t o  t h e i r  s t u d e n t s  
a n d  t e a c h i n g  e f f e c t i v e l y .  M y e r s  a n d  P l a k a n s  s u g g e s t  t h a t  I T A s  b e  g i v e n  t r a i n i n g  i n  
u s i n g  q u e s t i o n s  t o  n e g o t i a t e  f o r  m e a n i n g  a s  w e l l  a s  t o  h e l p  s t u d e n t s  u n d e r s t a n d  t h e  
u n d e r l y i n g  c o n c e p t s  o f  t h e i r  l a b  w o r k .  T o  d o  t h i s ,  t h e  I T A s  o u g h t  t o  b e  m a d e  a w a r e  
o f  w h a t  t y p e s  o f  q u e s t i o n s  w i l l  e l i c i t  t h e  d e s i r e d  r e s p o n s e s  f r o m  t h e i r  s t u d e n t s  a n d  
p r a c t i c e  u s i n g  t h e m .  
I n  g e n e r a l ,  t h e  i m p o r t a n c e  o f  a s k i n g  s t u d e n t s  w e l l  f o r m u l a t e d ,  t h o u g h t - p r o v o k i n g  
q u e s t i o n s  i n  s c i e n c e  c l a s s e s  a n d  a l l o w i n g  s t u d e n t s  p l e n t y  o f  t i m e  t o  t h i n k  a n d  r e s p o n d  
i s  a  g i v e n .  U n d e r  t h e  r i g h t  c o n d i t i o n s ,  g o o d  q u e s t i o n s  c a n  g e t  s t u d e n t s  t o  p a r t i c i p a t e  
m o r e  a c t i v e l y  i n  c l a s s  a n d  h e l p  s t u d e n t s  d e v e l o p  c r i t i c a l  t h i n k i n g  s k i l l s .  T h e  m i s s i o n ,  
t h e n ,  i n  s c i e n c e  t e a c h i n g - p e r h a p s  i n  e d u c a t i o n  a s  a  w h o l e - i s  t o  t e a c h  s t u d e n t s  t o  
q u e s t i o n  e f f e c t i v e l y  a n d  " t o  s o l v e  r e a l  p r o b l e m s ,  n o t  r e g u r g i t a t e  f a c t s "  ( B o n n s t e t t e r ,  
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1 9 8 8 ,  p .  9 7 ) .  I n  o t h e r  w o r d s ,  h e l p  s t u d e n t s  d e v e l o p  c r i t i c a l  t h i n k i n g  s k i l l s  s o  t h a t  
t h e y  c a n  u s e  t h e i r  o w n  i d e a s  t o  s o l v e  n e w  p r o b l e m s .  A s  P e s t e l  ( 1 9 8 8 )  p u t s  i t ,  s t u d e n t s  
n e e d  t e a c h e r s  " t o  a s k  t h e m  t h e  a p p r o p r i a t e  s e r i e s  o f  q u e s t i o n s  t h a t  w i l l  t e a c h  t h e m  
t o  d i s c o v e r  a n s w e r s  f o r  t h e m s e l v e s "  ( p .  2 7 ) .  
A l t h o u g h  t h e  g e n e r a l  c o n s e n s u s  s e e m s  t o  b e  t h a t  a s k i n g  s t u d e n t s  h i g h e r  c o g n i -
t i v e  l e v e l  q u e s t i o n s  ( b a s e d  o n  B l o o m ' s  t a x o n o m y )  i s  d e s i r a b l e  t o  g e t  s t u d e n t s  m o r e  
i n v o l v e d  i n  l e a r n i n g  a n d  t o  d e v e l o p  t h e i r  c r i t i c a l  t h i n k i n g  s k i l l s ,  t h e r e  i s  s o m e  r e s e r -
v a t i o n  o n  t h e  p a r t  o f  m o r e  t h a n  o n e  a u t h o r  i n t e r e s t e d  i n  t h e  u s e  o f  q u e s t i o n s  i n  t h e  
c l a s s r o o m .  F a r r a r  ( 1 9 8 8 ) ,  i n  " A  S o c i o l i n g u i s t i c  A n a l y s i s  o f  D i s c u s s i o n , "  a s s e r t s  t h e  
n e e d  f o r  f u r t h e r  e x a m i n a t i o n  o f  t h e  p r a c t i c e  o f  c o d i n g  q u e s t i o n s  a s  e i t h e r  h i g h e r  o r  
l o w e r  l e v e l .  S h e  g i v e s  t h e  e x a m p l e  t h a t  " q u e s t i o n s  m a y  s i m u l t a n e o u s l y  a s k  a  l o w e r  
l e v e l  q u e s t i o n  e x p l i c i t l y  a n d  a  h i g h e r  l e v e l  q u e s t i o n  i m p l i c i t l y "  ( p .  7 0 ) .  O t h e r  f a c -
t o r s  i n  q u e s t i o n i n g  a l s o  n e e d  t o  b e  e x a m i n e d  s u c h  a s  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  
q u e s t i o n  t o p i c ,  t h e  l e v e l  o f  r e s p o n s e  c o m p a r e d  t o  t h e  l e v e l  o f  q u e s t i o n ,  t h e  r e l a t i o n  
b e t w e e n  t h e  l e n g t h  o f  a  r e s p o n s e  a n d  t h e  l e v e l  o f  t h i n k i n g  r e q u i r e d  t o  g i v e  i t  ( l o n g e r  
i s  n o t  n e c e s s a r i l y  b e t t e r ) ,  a n d  t h e  e f f e c t i v e n e s s  · o f  o n e  h i g h e r  l e v e l  q u e s t i o n  v e r s u s  a  
s e r i e s  o f  l o w e r  l e v e l  q u e s t i o n s .  
S p e c i f i c a l l y  i n  t h e  a r e a  o f  c h e m i s t r y  l a b s ,  J o h n s t o n e  ( 1 9 8 9 )  a r g u e s  t h a t  f r o m  w h a t  
w e  k n o w  o f  t h e  p s y c h o l o g y  o f  l e a r n i n g ,  s t u d e n t s  i n  i n t r o d u c t o r y  l a b s  h a v e  a l l  t h e y  
c a n  h a n d l e  t o  m a n i p u l a t e  t h e  e q u i p m e n t  a n d  f o l l o w  l a b  i n s t r u c t i o n s  l i k e  a  c o o k b o o k  
r e c i p e ;  t h e  w o r k i n g  m e m o r y  i s  a l r e a d y  i n  d a n g e r  o f  b e i n g  o v e r l o a d e d  w i t h o u t  r e q u i r i n g  
d e e p  t h o u g h t  i n  a d d i t i o n .  I n  o t h e r  w o r d s ,  a l l o w  s t u d e n t s  t o  l e a r n  t h e  s k i l l s  n e c e s s a r y  
f o r  d o i n g  l a b  e x p e r i m e n t s  b e f o r e  a s k i n g  t h e m  t o  i n t e r p r e t  w h a t  i s  h a p p e n i n g  a n d  
r e l a t e  i t  t o  t h e o r y .  F o r  J o h n s t o n e ,  t r a i n i n g  I T A s  t o  a s k  t h e i r  s t u d e n t s  " h i g h e r  c o g n i t i v e  
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l e v e l  q u e s t i o n s  w i t h  t h e  p u r p o s e  o f  t e a c h i n g  o r  c h e c k i n g  t h e i r  u n d e r s t a n d i n g  o f  r e l a t e d  
t h e o r y  w o u l d  b e  p o i n t l e s s  u n t i l  t h e  s t u d e n t s  h a v e  m a s t e r e d  t h e  b a s i c  p r o c e d u r e s  o f  
t h e  l a b .  
I n  c o n t r a s t ,  K l i n z i n g  a n d  K l i n z i n g - E u r i c h  ( 1 9 8 8 ) ,  w h i l e  a d m i t t i n g  t h a t  " t h e  c o r -
r e s p o n d e n c e  b e t w e e n  t h e  c o g n i t i v e  l e v e l s  o f  t e a c h e r  q u e s t i o n s  a n d  s t u d e n t  r e s p o n s e s  
i s  l o w "  ( p .  2 1 7 ) ,  r e c o m m e n d  t h a t  t e a c h e r s  c o n s i s t e n t l y  u s e  h i g h e r  l e v e l  q u e s t i o n s ,  a t  
l e a s t  i n  c l a s s r o o m  d i s c u s s i o n s ,  s i n c e  u l t i m a t e l y  t h e  o v e r a l l  c o g n i t i v e  l e v e l  o f  s t u d e n t  
r e s p o n s e s  w i l l  r i s e .  
F o r  t e a c h e r  q u e s t i o n s - n o  m a t t e r  h o w  w e l l  p h r a s e d  o r  t h o u g h t  p r o v o k i n g - t o  
b e  e f f e c t i v e  i n  i n d u c i n g  a  h i g h e r  l e v e l  o f  t h i n k i n g  i n  s t u d e n t s ,  i t  i s  n e c e s s a r y  t h a t  
s t u d e n t s  b e  g i v e n  a m p l e  t i m e  t o  t h i n k  a n d  f o r m u l a t e  a  r e s p o n s e .  T h e  n e c e s s i t y  o f  
" w a i t  t i m e , "  t h e  p a u s e  b e t w e e n  a  q u e s t i o n  a n d  i t s  r e s p o n s e ,  h a s  b e e n  a l l u d e d  t o  o r  
s p e c i f i c a l l y  a d d r e s s e d  b y  m a n y  r e s e a r c h e r s  a n d  e d u c a t o r s ,  b o t h  i n  t h e  a r e a  o f  s c i e n c e  
e d u c a t i o n  a n d  e d u c a t i o n  i n  g e n e r a l  ( O r e a r ,  1 9 7 9 ;  A n d r e w s ,  1 9 8 0 ;  B o n n s t e t t e r ,  1 9 8 8 ;  
P e s t e ! ,  1 9 8 8 ;  S w i f t ,  G o o d i n g ,  a n d  S w i f t ,  1 9 8 8 ,  t o  n a m e  a  f e w ) .  M o s t  t e a c h e r s  d o  n o t  
a l l o w  e n o u g h  w a i t  t i m e ,  p e r h a p s  t h i n k i n g  t h a t  t h e i r  q u e s t i o n s  a r e  n o t  w o r d e d  w e l l  
o r  n o t  r e a l i z i n g  h o w  m u c h  t i m e  i s  n e e d e d  f o r  s t u d e n t s  t o  r e s p o n d  t o  " c h a l l e n g i n g "  
q u e s t i o n s  ( A n d r e w s ,  p .  1 3 3 ) .  E v e n  t e a c h e r s  w h o  h a v e  b e e n  t r a i n e d  i n  e f f e c t i v e  
p a u s i n g  h a v e  d i f f i c u l t y  m a i n t a i n i n g  a  l o n g  e n o u g h  w a i t  t i m e  o v e r  a n  e x t e n d e d  p e r i o d  
o f t i m e  ( S w i f t ,  G o o d i n g ,  a n d  S w i f t ,  p .  2 0 7 ) .  F u r t h e r m o r e ,  i t  i s  n o t  a d e q u a t e  t o  s i m p l y  
a l l o w  a  l o n g  p a u s e  a f t e r  a  h i g h e r  l e v e l  q u e s t i o n ;  t e a c h e r s  m u s t  m a i n t a i n  e y e  c o n t a c t  
w i t h  t h e i r  s t u d e n t s ,  l e t t i n g  t h e m  k n o w  n o n v e r b a l l y  t h a t  t h e i r  a n s w e r  i s  i m p o r t a n t  
( B o n n s t e t t e r ,  p .  9 6 - 9 7 ) .  
I n  s p i t e  o f  s o m e  r e s e r v a t i o n s ,  i t  i s  g e n e r a l l y  a g r e e d ,  t h e n ,  t h a t  t h o u g h t - p r o v o k i n g  
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( i . e . ,  h i g h e r  l e v e l )  q u e s t i o n s  c o m b i n e d  w i t h  a n  a p p r o p r i a t e  u s e  o f  w a i t  t i m e  a r e  d e -
s i r a b l e  i n  s c i e n c e  t e a c h i n g  t o  i n c r e a s e  s t u d e n t s '  m e n t a l  e n g a g e m e n t  a n d  c o n s e q u e n t l y  
t h e i r  l e a r n i n g .  
N a t i v e  S p e a k e r - N o n - n a t i v e  S p e a k e r  ( N S - N N S )  I n t e r a c t i o n s  
W h e t h e r  i t  i s  " f o r e i g n e r  t a l k "  ( L o n g ,  1 9 8 2  a n d  1 9 8 3 )  o r  i n c r e a s e d  u s e  o f  e c h o i c  
q u e s t i o n s ,  t h e r e  a r e  q u i t e  o f t e n  d i f f e r e n c e s  b e t w e e n  N S - N S  a n d  N S - N N S  c o n v e r s a -
t i o n s .  S o m e  d i f f e r e n c e s  n o t e d  b y  V a r o n i s  a n d  G a s s  ( 1 9 8 5 )  a n d  G a i e s  ( 1 9 8 2 )  i n c l u d e  
a n  i n c r e a s e  i n  c l a r i f i c a t i o n  r e q u e s t s  a n d  c o n f i r m a t i o n  c h e c k s  a s  w e l l  a s  e x p a n s i o n s  
a n d  e l a b o r a t i o n s .  N a t i v e  s p e a k e r s  u s u a l l y  r e c o g n i z e  a  l a c k  o f  s h a r e d  b a c k g r o u n d  a n d  
e x p e c t  a  l o w e r  l e v e l  o f l a n g u a g e  a b i l i t y  i n  t h e  n o n - n a t i v e  s p e a k e r .  A  s t u d y  b y  V a r o n i s  
a n d  G a s s  ( 1 9 8 2 )  o f  e n c o u n t e r s  b e t w e e n  N S s  a n d  N N S s  ( o r  a s s u m e d  n o n - n a t i v e s )  w h o  
w e r e  a s k i n g  f o r  d i r e c t i o n s  s h o w e d  t h a t  m o s t  o f t e n  t h e  N S  d i d  a  c o n f i r m a t i o n  c h e c k  
b e f o r e  a n s w e r i n g  t h e  q u e s t i o n ,  e v e n  w h e n  t h e  q u e s t i o n  w a s  p e r f e c t l y  g r a m m a t i c a l  
a n d  i n t e l l i g i b l e  d e s p i t e  a  n o t i c e a b l e  a c c e n t .  
R o u n d s  ( 1 9 8 7 )  d i s c u s s e s  t h e  a s p e c t s  o f  e f f e c t i v e  v e r s u s  i n e f f e c t i v e  t e a c h i n g  b y  
N S  a n d  N N S  T A s  i n  f i v e  m a t h  c l a s s e s .  I n c l u d e d  i n  t h e  a r t i c l e  i s  a  s e c t i o n  o n  t h e  
i n t e r a c t i v e  f u n c t i o n  o f  q u e s t i o n s .  T h e  p o i n t  i s  t h a t  w h e n  a  T A  a s k s  a  q u e s t i o n ,  
h e  o r  s h e  " r e c o g n i z e s  t h a t  t h e r e  i s  s o m e o n e  ' t o  r e s p o n d  a n d  m o v e s  a w a y  f r o m  t h e  
m o d e l  o f  t h e  m e c h a n i c a l  p r o b l e m  s o l v e r "  ( p .  6 6 4 ) .  S h e  a l s o  n o t e s  t h a t  q u e s t i o n s  
c a n  h a v e  t h e  f u n c t i o n  o f  m a r k i n g  a  " m i l e p o s t "  i n  a  p r o b l e m  a n d  o f  g i v i n g  f e e d b a c k  
t o  t h e  t e a c h e r  o n  h o w  w e l l  t h e  s t u d e n t s  c a n  a p p l y  w h a t  h a s  a l r e a d y  b e e n  t a u g h t .  
A l t h o u g h  t h e  f i n d i n g s  o f  h e r  s t u d y  a p p l y  t o  b o t h  N S  a n d  N N S  T A s ,  t h e  p u r p o s e ·  i s  t o  
i m p r o v e  c o m m u n i c a t i v e  c o m p e t e n c e  o f  N N S  T A s  t h r o u g h  m a t e r i a l s  t h a t  m e e t  t h e i r  
· · - - - - · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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s p e c i f i c - p u r p o s e  l a n g u a g e  n e e d s .  
A  r e v i e w  o f  t h e  l i t e r a t u r e  s u g g e s t s  t h a t  t h e  u s e  o f  I T A s  i n  m o r e  a n d  m o r e  u n -
d e r g r a d u a t e  c o u r s e s  h a s  c a u s e d  s o m e  p r o b l e m s  a t  l a r g e  r e s e a r c h  u n i v e r s i t i e s  w i t h  
A m e r i c a n  s t u d e n t s  w h o  a r e  u n a c c u s t o m e d  t o  c o m m u n i c a t i n g  w i t h  p e o p l e  f r o m  o t h e r  
l a n g u a g e s  a n d  c u l t u r e s ,  p a r t i c u l a r l y  i n  a  c l a s s r o o m  s e t t i n g .  A  d e s c r i p t i v e  s t u d y  o f  
i n t e r a c t i o n s  i n  t h e s e  c l a s s r o o m  s e t t i n g s  c a n  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  i n  a n  a r e a  
w h e r e  r e s e a r c h  i s  l i m i t e d .  B y  o b s e r v i n g  l a b o r a t o r y  c l a s s r o o m  i n t e r a c t i o n s ,  a  b e t t e r  
u n d e r s t a n d i n g  o f  w h a t  t h e  m a j o r i t y  o f  I T A s  m a y  e n c o u n t e r  i n  t h e i r  t e a c h i n g  a s s i g n -
m e n t s  a t  I o w a  S t a t e  U n i v e r s i t y  w o u l d  b e  g a i n e d .  T h e  l i t e r a t u r e  a l s o  s u g g e s t s  t h a t  
q u e s t i o n s  a r e  c o n s i d e r e d  i m p o r t a n t  t o o l s  i n  s c i e n c e  e d u c a t i o n  a n d  i n  c o m m u n i c a t i o n  
b e t w e e n  n a t i v e  a n d  n o n - n a t i v e  s p e a k e r s .  A  c l o s e r  e x a m i n a t i o n  o f  q u e s t i o n  f o r m s  a n d  
f u n c t i o n s  f o r  b o t h  o f  t h e s e  p u r p o s e s  m i g h t  p r o v e  t o  b e  v e r y  u s e f u l  i n  I T A  t r a i n i n g .  
-----------------~~--~-------~ 
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C H A P T E R 3 .  M E T H O D  
S u b j e c t s  
T h e  p r i m a r y  s u b j e c t s  o f  t h i s  s t u d y  w e r e  t w o  p h y s i c s  I T A s  t e a c h i n g  i n t r o d u c t o r y  
l a b s  f o r  n o n - m a j o r s .  B o t h  w e r e  m a l e  a n d  i n  t h e i r  m i d - t w e n t i e s .  O n e ,  a  n a t i v e  s p e a k e r  
o f  C h i n e s e ,  h a d  t a k e n  t h e  E n g l i s h  c o u r s e  (  1 8 0 )  f o r  I T  A s  t o  h e l p  i m p r o v e  E n g l i s h  s k i l l s  
a n d  t e a c h i n g  t e c h n i q u e s  i n  A m e r i c a n  u n i v e r s i t y  c l a s s e s .  T h e  o t h e r ,  a  n a t i v e  s p e a k e r  
o f  K o r e a n ,  h a d  n o t .  A l t h o u g h  t h e  C h i n e s e  s p e a k e r  ( h e r e a f t e r  k n o w n  a s  T A l )  h a d  
c o m p l e t e d  t h e  c o u r s e  t h e  p r e v i o u s  s e m e s t e r ,  h i s  s p o k e n  E n g l i s h  w a s  s t i l l  n o t  q u i t e  
u p  t o  t h e  l e v e l  o f  t h e  K o r e a n ' s  ( T A 2 ) ,  w h o s e  s p e e c h  i n  f a c t  t e n d e d  t o  b e  s l o w e r  t h a n  
T A l ' s .  I n  s p i t e  o f  b e i n g  a  l i t t l e  h a r d e r  t o  u n d e r s t a n d ,  T A l  s e e m e d  f r i e n d l i e r  a n d  
m o r e  o u t g o i n g  t h a n  T A 2 ,  w h o  a c t e d  m o r e  r e s e r v e d  w i t h  h i s  s t u d e n t s  a n d  r a r e l y . e v e n  
s m i l e d .  I n  f a c t ,  T A 2  a d m i t t e d  t o  f e e l i n g  s o m e  d i s t a n c e  b e t w e e n  h i m  a n d  h i s  s t u d e n t s ,  
c a u s e d ,  a s  h e  p e r c e i v e d  i t ,  b y  h i s  i n a b i l i t y  t o  j o k e  i n  E n g l i s h .  
A l t h o u g h  t h e  f o c u s  o f  t h e  r e s e a r c h  i s  o n  t h e  q u e s t i o n s  t h e  I T A s  a s k e d  t h e i r  s t u -
d e n t s ,  a l s o  o f  i n t e r e s t  a n d  i n c l u d e d  i n ·  t h i s  c a s e  s t u d y  a r e  t h e  q u e s t i o n s  t h e  s t u d e n t s  
a s k e d  t h e i r  I T A s .  T h e r e f o r e ,  t h e  s e c o n d a r y  s u b j e c t s  a r e  t h e  s t u d e n t s  w h o  a t t e n d e d  
t h e  l a b s  o n  t h e  t w o  d a y s  o f  o b s e r v a t i o n .  T h i r t e e n  s t u d e n t s  w e r e  p r e s e n t  a t  T A 2 ' s  
W e d n e s d a y  a f t e r n o o n  l a b ,  a n d  e i g h t  o u t  o f  e l e v e n  s h o w e d  u p  f o r  T A l ' s  F r i d a y  a f -
t e r n o o n  l a b .  T h e s e  2 1  s t u d e n t s  w e r e  u n d e r g r a d u a t e s ,  m a n y  j u n i o r s  a n d  s e n i o r s ,  a n d  
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a  l a r g e  m a j o r i t y - a c c o r d i n g  t o  t h e  I T A s - p r e - a r c h i t e c t u r e  s t u d e n t s  r e q u i r e d  t o  t a k e  
t h e  P h y s i c s  1 1 1 l a b .  M a l e s  o u t n u m b e r e d  f e m a l e s  ( 1 6 - 5 ) ,  a n d  n a t i v e  s p e a k e r s  o f  E n -
g l i s h  f a r  o u t n u m b e r e d  n o n - n a t i v e  s p e a k e r s  ( 2 0 - 1 ) ,  b u t  n o  f o r m a l  d a t a  o n  t h e  s t u d e n t s  
w e r e  g a t h e r e d .  
P r o c e d u r e  
D a t a  c o l l e c t i o n  w a s  c a r r i e d  o u t  i n  c o n n e c t i o n  w i t h  a  l a r g e r  p r o j e c t  s p o n s o r e d  b y  
t h e  G r a d u a t e  C o l l e g e  a t  I o w a  S t a t e  U n i v e r s i t y .  ( C o n c l u s i o n s  f r o m  t h e  l a r g e r  s t u d y  
a r e  r e p o r t e d  i n  M y e r s  a n d  P l a k a n s ,  1 9 9 0 ,  1 9 9 1  a n d  M y e r s ,  1 9 9 1 . )  A f t e r  a  f u t i l e  
a t t e m p t  t o  c l a s s i f y  t h e  q u e s t i o n s  " l i v e "  a s  t h e y  w e r e  a s k e d  d u r i n g  a  p r e v i o u s  l a b  
o b s e r v a t i o n ,  t h e  n e e d  t o  p r e s e r v e  t h e  d i s c o u r s e  f o r  l a t e r  a n a l y s i s  w a s  r e c o g n i z e d  a n d  
a  h a n d  h e l d  t a p e  r e c o r d e r  p u t  i n t o  u s e .  T h u s ,  t h e  d a t a  b a s e  f o r  t h i s  r e s e a r c h  c a m e  
f r o m  t h e  t a p e s  r e c o r d e d  w h i l e  o b s e r v i n g  t h e  t w o  P h y s i c s  1 1 1  l a b s  f o r  t h e  G r a d u a t e  
C o l l e g e .  A d d i t i o n a l  i n f o r m a t i o n  w a s  p r o v i d e d  b y  t h e  I T A s  d u r i n g  i n t e r v i e w s  w h i c h  
f o l l o w e d  t h e  o b s e r v a t i o n s  a n d  c e n t e r e d  o n  a  q u e s t i o n n a i r e  d e v e l o p e d  b y  t w o  o t h e r  
r e s e a r c h e r s  f o r  t h e  G r a d u a t e  C o l l e g e ' s  p r o j e c t .  
T h e  t w o  l a b s  p r o v i d i n g  d a t a  f o r  t h i s  r e s e a r c h  w e r e  o b s e r v e d  d u r i n g  t h e  s a m e  
w e e k ,  o n e  o n  W e d n e s d a y ,  1 9  A p r i l 1 9 8 9 ,  a n d  t h e  o t h e r  o n  F r i d a y ,  2 1  A p r i l .  T h e s e  t w o -
h o u r  l a b s  b o t h  s t a r t e d  a t  4 : 1 0  p . m .  a n d  c o v e r e d  t h e  s a m e  e x p e r i m e n t s  o n  " T h e  R e -
f l e c t i o n  a n d  R e f r a c t i o n  o f  L i g h t "  ( l a s e r  b e a m s  t h r o u g h  l e n s e s  a n d  p l e x i g l a s s  b l o c k s ) .  
( S e e  A p p e n d i x  B . )  
T h e  I T A s  a l s o  t a u g h t  t h e i r  l a b s  i n  t h e  s a m e  c l a s s r o o m ,  w h i c h  w a s  s e t  u p  w i t h  
t a b l e s  c o m i n g  o u t  f r o m  t h e  s i d e  w a l l s  w i t h  t w o  m o v a b l e  c h a i r s  p e r  t a b l e  i n i t i a l l y  
f a c i n g  t h e  f r o n t  o f  t h e  r o o m .  T h e  s t u d e n t s  w e r e  a b l e  t o  a r r a n g e  t h e m s e l v e s  i n t o  
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g r o u p s  o f  t w o  t o  f o u r  a t  a  t a b l e  t o  w o r k  o n  t h e  e x p e r i m e n t s .  M o s t  e q u i p m e n t  f o r  a l l  
t h e  e x p e r i m e n t s  o f  t h e  d a y  w a s  l o c a t e d  a t  e a c h  t a b l e  b u t  n e e d e d  t o  b e  a s s e m b l e d  b y  
t h e  s t u d e n t s .  I n  t h e  c e n t e r  o f  t h e  r o o m  w e r e  a  s l i d e  p r o j e c t o r  s t a n d  a n d  t w o  t a b l e s ,  
w i t h  e x t r a  e q u i p m e n t ,  s e t  p e r p e n d i c u l a r  t o  t h e  o t h e r  t a b l e s .  A t  t h e  f r o n t  o f  t h e  r o o m  
w a s  t h e  t e a c h e r ' s  d e s k  a n d  b e h i n d  i t  a  s c r e e n .  
E a c h  P h y s i c s  l l l l a b  b e g a n  w i t h  a  t e n - m i n u t e  s l i d e  a n d  t a p e  p r e s e n t a t i o n ,  w h i c h  
h a d  b e e n  m a d e  b y  t h e  p h y s i c s  T A  s u p e r v i s o r  t o  e x p l a i n  t h e  u s e  o f  e q u i p m e n t  a n d  
t h e  e x p e r i m e n t s  t o  t h e  s t u d e n t s  a s  w e l l  a s  t o  m a k e  n o t e  o f  a n y  h a z a r d s  i n v o l v e d .  
T A s ,  t h e r e f o r e ,  d i d  n o t  n e e d  t o  m a k e  a  p r e s e n t a t i o n  t o  t h e  c l a s s  t h e m s e l v e s ,  a n d  t h e  
s t u d e n t s  i n  a l l  s e c t i o n s  h a d  t h e  s a m e  o p p o r t u n i t y  t o  s e e  w h a t  t o  d o  d u r i n g  t h e  l a b .  
A f t e r  t h e  s l i d e  s h o w ,  b o t h  I T  A s  t u r n e d  o n  t h e  l i g h t s  a g a i n ,  m a d e  b r i e f  a n n o u n c e m e n t s  
t o  t h e  c l a s s  a s  a  w h o l e ,  a n d  t h e n  b e g a n  c i r c u l a t i n g .  F o r  t h e  r e s t  o f  t h e i r  r e s p e c t i v e  
l a b  p e r i o d s ,  t h e y  w a l k e d  a r o u n d  t h e  r o o m  a s k i n g  a n d  a n s w e r i n g  q u e s t i o n s ,  s h a d o w e d  
b y  t h e  r e s e a r c h e r  c a r r y i n g  a  h a n d  h e l d  t a p e  r e c o r d e r .  
T h e  t a p e s ,  w h i c h  e q u a l  a p p r o x i m a t e l y  t h r e e  h o u r s  t o t a l ,  w e r e  t r a n s c r i b e d  u s i n g  
a n  O n k y o  T A - 2 0 2 2  t a p e  d e c k  a n d  T X - 4 1  r e c e i v e r  a n d  Y a m a h a  H P - 3  h e a d p h o n e s .  
O n l y  c o n v e r s a t i o n s  w h i c h  i n v o l v e d  t h e  I T A s  w e r e  t r a n s c r i b e d ,  e a c h  a c c o r d i n g  t o  t h e  
d i f f e r e n t  s p e a k e r s  o f  t h a t  d i a l o g  ( w h e r e  d i s c e r n i b l e )  a n d  i n c l u d i n g  i n d i c a t i o n s  o f  a n y  
o v e r l a p s  a n d  i n t e r r u p t i o n s  o f  s p e e c h  ( s e e  A p p e n d i x  A . ) .  N o  a t t e m p t  w a s  m a d e  t o  
t r a n s c r i b e  p h o n e t i c a l l y  e i t h e r  t h e  I T A s '  o r  t h e  s t u d e n t s '  s p e e c h  e x c e p t  i n  a  f e w  i n -
s t a n c e s  w h e r e  i t  w a s  i m p o s s i b l e  t o  r e a s o n a b l y  j u d g e  w h i c h  o f  t w o  w o r d s  w a s  i n t e n d e d  
( e . g . ,  r e f l e c t e d / r e f r a c t e d ) .  A l t h o u g h  s o m e  s t u d e n t  q u e s t i o n s  d i r e c t e d  t o  o t h e r  s t u -
d e n t s  w e r e  i n c l u d e d  i n  t h e  t r a n s c r i p t s  f o r  t h e  s a k e  o f  c o n t e x t ,  t h e s e  q u e s t i o n s  w e r e  
n o t  c o u n t e d  i n  t h e  d a t a .  I n t e r r u p t e d  q u e s t i o n s  w e r e  a l s o  o m i t t e d  f r o m  t h e  d a t a  b a s e .  
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T h e  t r a n s c r i p t s  w e r e  c h e c k e d  a n d  a p p r o v e d  b y  a n o t h e r  l i s t e n e r .  
D a t a  
T h e  d a t a  c o n s i s t  o f  t h e  q u e s t i o n s  a s k e d  i n  t h e  i n t e r a c t i o n s  b e t w e e n  t h e  t w o  
l a b  I T A s  a n d  t h e i r  r e s p e c t i v e  s t u d e n t s  a n d  e x c l u d i n g  i n c o m p l e t e  o r  i n d e t e r m i n a t e  
q u e s t i o n s .  T h e  r e m a i n i n g  c o r p u s  o f  q u e s t i o n s  w a s  c a t e g o r i z e d  b o t h  b y  f o r m  a n d  
f u n c t i o n .  
T h e r e  a r e  p r o b a b l y  a s  m a n y  s y s t e m s  o f  c a t e g o r i z i n g  a s  t h e r e  a r e  r e s e a r c h e r s  
a t t e m p t i n g  t o  d o  i t .  B o t h  t h e  s y s t e m  f o r  s y n t a c t i c  f o r m  a n d  f o r  f u n c t i o n  u s e d  i n  t h i s  
s t u d y  a r e  b a s e d  l a r g e l y  o n  P l a k a n s '  ( 1 9 8 7 )  t a x o n o m i e s ,  w h i c h  a r e  i n i t i a l l y  b a s e d  o n  
t h o s e  o f  K e a r s l e y  ( 1 9 7 6 )  w i t h  m o d i f i c a t i o n s  p r i m a r i l y  f r o m  L o n g  a n d  S a t o  ( 1 9 8 3 ) .  
I  i n  t u r n  h a v e  m a d e  m o d i f i c a t i o n s  t o  s u i t  t h e  r e q u i r e m e n t s  o f  t h i s  s t u d y ,  i n c l u d i n g  
a  f o r m  c a t e g o r y  f r o m  B y r d ,  C o n s t a n t i n i d e s ,  a n d  P e n n i n g t o n  ( 1 9 8 9 1  a n d  s o m e  f o r m  
a n d  f u n c t i o n  c a t e g o r i e s  b a s e d  o n  C e l c e - M u r c i a  a n d  L a r s e n - F r e e m a n  ( 1 9 8 3 )  a n d  t h e i r  
p r e s e n t a t i o n  o f  a d d i t i o n a l  t a g  q u e s t i o n  f u n c t i o n s  f r o m  B r o w n  ( 1 9 8 1 ) .  
F o r m  
W i t h  r e s p e c t  t o  s y n t a c t i c  f o r m ,  t h e  q u e s t i o n s  i n  t h i s  s t u d y  a r e  d i v i d e d  i n t o  t w o  
c l a s s e s :  i n d i r e c t  a n d  d i r e c t .  T h e s e  t w o  m a j o r .  h e a d i n g s  a r e  s u b d i v i d e d  a s  f o l l o w s :  
1 .  I n d i r e c t  
( a )  D e c l a r a t i v e  w i t h  W H - a  s t a t e m e n t  w h i c h  i n c l u d e s  a  q u e s t i o n  m a r k e r  ( Q -
m a r k e r )  ( e . g . ,  S :  " I  d o n ' t  u n d e r s t a n d  . . .  w h a t  t h e y ' r e  l o o k i n g  f o r . " )  
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( b )  " H i d d e n " - a n y  s t a t e m e n t  w h i c h  i n d i c a t e s  c o n f u s i o n  o r  s u g g e s t s  a  n e e d  f o r  
c o n f i r m a t i o n  o f  u n d e r s t a n d i n g  b u t  d o e s  n o t  i n c l u d e  a  Q - m a r k e r  ( B y r d ,  e t  
a l . )  { e . g . ,  S :  " B u t  I  t h o u g h t  i t  w a s n ' t  s u p p o s e d  t o  e n d  u p  a  l i n e . " )  
2 .  D i r e c t  
( a )  W H  ( O p e n )  
1 .  S i m p l e  W H - o n l y  o n e  Q - m a r k e r  ( e . g . ,  T A :  " F o r  t h i s  c a s e  w h a t  a r e  
y o u  o b s e r v i n g ? " )  
n .  C o m p l e x  W H - m o r e  t h a n  o n e  Q - m a r k e r  ( e . g . ,  S :  " H o w  d o  y o u  k n o w  
h o w  f a r  a w a y  t o  m a k e  i t - p u t  i t ,  y o u  k n o w ,  t o  m a k e  i t  p a r a l l e l ? " )  
m .  U n i n v e r t e d  W H - i n  g e n e r a l ,  r i s i n g  i n t o n a t i o n  · a n d  Q - m a r k e r  f o l l o w i n g  
t h e  v e r b  ( e . g . ,  T A :  " Y o u - y o u  c a n n o t  f i g u r e  o u t  w h a t ? " )  
1 v .  E l l i p t i c a l  W H - p a r t  o f  t h e  q u e s t i o n  d e l e t e d  b u t  r e q u e s t i n g  s a m e  t y p e  
o f  r e s p o n s e  a s  o t h e r  W H  q u e s t i o n s  ( e . g . ,  S :  " I s  t h e  f o c a l  l e n g t h  s u p -
p o s e d  t o  m a t c h  u p  w i t h  t h e  n u m b e r  [ o n ]  t h e  l e n s ? "  T A :  " M a t c h ? "  ( E l -
l i p t i c a l  W H  w h i c h  c o u l d  b e  p h r a s e d  a s  " W h a t  d o e s  ' m a t c h '  m e a n ? " )  
S :  " I s  i t  s u p p o s e d  t o  b e  t h e  s a m e ? " )  
( b )  Y e s / N o ( C l o s e d )  
'  
i .  S i m p l e  Y e s / N o - i n i t i a l  a u x i l i a r y  ( o r  i n v e r t e d  B E  o r  H A V E ) ;  r i s i n g .  
i n t o n a t i o n  ( e . g . ,  T A :  " D o  y o u  u n d e r s t a n d ? "  o r  S :  " A m  I  r i g h t ? " )  
n .  T a g - s t a t e m e n t  w i t h  a p p e n d e d  " s h o r t  q u e s t i o n "  t h a t  s e e k s  c o n f i r m a -
t i o n ;  e i t h e r  r i s i n g  o r  f a l l i n g  i n t o n a t i o n  ( e . g . ,  S :  " S o  i t ' s  5 0  a w a y ,  i s n ' t  
i t ? "  o r  T A :  " U s u a l l y  w e  t a k e  a v e r a g e  o f  a l l  t h i s ,  r i g h t ? " )  
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m .  I n t o n a t e d  ( U n i n v e r t e d ) - s t a t e m e n t  w i t h  r i s i n g  i n t o n a t i o n  · ( e . g . ,  S :  
" T h a t  w o u l d  b e  s t r a i g h t  t h r o u g h  t h a t  w a y ? " )  
I V .  E l l i p t i c a l - m i s s i n g  a u x i l i a r y  ( a n d / o r  o t h e r  p a r t s ) ;  r i s i n g  i n t o n a t i o n  
( e . g . ,  S :  " L o n g e r  t h a n  t w o  h o u r s ? "  m e a n i n g  " W i l l  t h e  l a b  t a k e  l o n g e r  
t h a n  t w o  h o u r s ? " )  
( c )  S p e c i f i e d  A l t e r n a t i v e  ( O r - C h o i c e  ) - " m u l t i p l e  c h o i c e "  o f  a  c o m b i n a t i o n  o f  
y e s /  n o  q u e s t i o n s  j o i n e d  b y  " o r " ;  w i l l  n o t  t a k e  y e s  o r  n o  f o r  a n  a n s w e r  ( e . g . ,  
S :  " I s  t h a t  f i v e  o r  i s  t h a t  z e r o  . . .  " )  
O f  c o u r s e ,  n o t  a l l  q u e s t i o n s  f i t  n e a t l y  i n t o  t h e  p r e s c r i b e d  c a t e g o r i e s .  A n  i n t e r -
e s t i n g  q u e s t i o n  p a t t e r n ,  w h i c h  h a s  n o  p l a c e  i n  t h e  a b o v e  t a x o n o m y ,  i s  a  c o m b i n a t i o n  
W H  a n d  e i t h e r  y e s / n o  o r  s p e c i f i e d  a l t e r n a t i v e  ( e i t h e r  o n e  p o s s i b l y  e l l i p t i c a l ) .  U s u a l l y  
i t  b e g i n s  w i t h  a n  o p e n  q u e s t i o n  ( W H )  a n d  t h e n  a d d s  a  p o s s i b l e  r e s p o n s e  o r . r e s p o n s e s  
s o  t h a t  i t  i s  m o s t  o f t e n  a n s w e r e d  a s  a  y e s / n o  o r  s p e c i f i e d  a l t e r n a t i v e  q u e s t i o n ,  t h o u g h  
n o t  a l w a y s .  B e c a u s e  t h i s  t y p e  o f  q u e s t i o n  s e e m s  t o  t o  b e  f a i r l y  c o m m o n  i n  t h e  d a t a ,  
a n o t h e r  c a t e g o r y  w a s  a d d e d :  
( d )  C o m b i n a t i o n  ( O p e n  a n d  C l o s e d  ) - c o n t a i n s  b o t h  a  W H  q u e s t i o n  a n d  
e i t h e r  a  y e s / n o  o r  s p e c i f i e d  a l t e r n a t i v e  ( y e s / n o  o r  s p e c i f i e d  a l t e r n a t i v e  
c a n  b e  c o m p l e t e  o r  e l l i p t i c a l ) ;  e i t h e r  p a r t  c a n  b e  a n s w e r e d  ( e . g . ,  
S :  " W h a t  i s  i t ,  o n e  o v e r  s i n e  4 5 ? "  o r  S :  "  . . .  w h i c h  w a y  a r e  
t h e y  t a l k i n g  a b o u t ,  t h i s  w a y  o r  t h i s  w a y ? " )  
A  l e s s  c o m m o n  t w i s t  o n  t h i s  i s  s t a r t i n g  o u t  w i t h  t h e  c l o s e d  q u e s t i o n  ( y e s / n o  o r  
s p e c i f i e d  a l t . )  a n d  t a c k i n g  t h e  W H  q u e s t i o n  o n  a t  t h e  e n d  ( e . g . ,  T A :  " T h e  i n d e x  o f  
r e f r a c t i o n  s h o u l d  b e  g r e a t e r  t h a n  o n e  o r  s m a l l e r  t h a n  o n e ,  w h a t  d o  y o u  t h i n k ? " ) .  
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S o m e  i n f o r m a l  o r  " n o n t r a d i t i o n a l "  W H  w o r d s - H m ?  H u h ?  S o r r y ? - a r e  c a t -
e g o r i z e d  w i t h  t h e  u s u a l  W H  f o r m s  s i m p l y  b e c a u s e  t h e y  e l i c i t e d  t h e  s a m e  t y p e  o f  
r e s p o n s e  a s  " W h a t  d i d  y o u  s a y ? "  A l t h o u g h  L u t h y  (  1 9 8 3 )  c o n c l u d e s  t h a t  t h e  m e a n -
i n g s  o f  ' " n o n l e x i c a l '  i n t o n a t i o n  s i g n a l s "  s u c h  a s  u h - h u h  a n d  h u h ?  a r e  s o m e t i m e s  n o t  
u n d e r s t o o d  b y  n o n - n a t i v e  s p e a k e r s  o f  E n g l i s h ,  t h e  t w o  I T A s  i n  t h i s  s t u d y  h a d  n o  
d i f f i c u l t y  w i t h  t h o s e  o c c u r r i n g  i n  t h e  l a b  d i s c o u r s e .  I n  f a c t ,  T A l  f r e q u e n t l y  u s e d  t h e  
f o r m  " H m  ? "  h i m s e l f  t o  r e q u e s t  c l a r i f i c a t i o n .  
T h e  e l l i p t i c a l  y e s  j  n o  a n d  W H  c a t e g o r i e s  a r e  e x p a n d e d  v e r s i o n s  o f  t h e  o n e s  f o u n d  
i n  T h e  G r a m m a r  B o o k  ( C e l c e - M u r c i a  a n d  L a r s e n - F r e e m a n ,  1 9 8 3 ) ,  i n  w h i c h  e l l i p t i c a l  
q u e s t i o n s  h a v e  a  d e l e t e d  a u x i l i a r y  b u t  a r e  o t h e r w i s e  i n t a c t .  T w o  o f  t h e i r  e x a m p l e s ,  
o n e  f r o m  e a c h  c a t e g o r y ,  a r e  " ( A r e )  y o u  g o i n g  t o  t h e  m o v i e s ?  ( p .  1 1 6 ) "  a n d  " W h a t  
y o u  d o i n g ?  ( p .  1 5 4 ) , "  w h i c h  o f t e n  s o u n d s  l i k e  " W h a t c h a  d o i n ' ? "  T h i s  t y p e  o f  e l l i p s i s  
o f  t h e  a u x i l i a r y  o c c u r r e d  i n  t h e  d a t a  f o r  t h i s  r e s e a r c h ,  b u t  m o r e  o f t e n  w h o l e  p h r a s e s  
w e r e  d e l e t e d ,  e s p e c i a l l y  w h e n  t h e  m i s s i n g  i n f o r m a t i o n  c o u l d  b e  u n d e r s t o o d  f r o m  w h a t  
h a d  b e e n  s a i d  e a r l i e r .  O f t e n  p a r t s  o f  s p e e c h  o t h e r  t h a n  t h e  a u x i l i a r y  w e r e  l e f t  . o f f  w h e n  
p a r t i a l  r e p e t i t i o n s  o f  p r e v i o u s  u t t e r a n c e s  w e r e  m a d e  ( e . g . ,  T A :  " I t  d o e s n ' t  m a t t e r . "  
S :  " D o e s n ' t  m a t t e r ? " ) .  I n  e f f e c t ,  t h e  t w o  e l l i p t i c a l  c a t e g o r i e s  u s e d  i n  t h i s  s t u d y  
i n c l u d e  a n y  u n i n t e r r u p t e d  q u e s t i o n s  t h a t  h a v e  a n y  o f  t h e  u s u a l l y  n e c e s s a r y  p a r t s  o f  
s p e e c h  d e l e t e d ,  w h e t h e r  i t  b e  t h e  a u x i l i a r y ,  s u b j e c t - n o u n  p h r a s e ,  w h o l e  v e r b  p h r a s e ,  
o r  e v e n - i n  t h e  c a s e  o f  W H  q u e s t i o n s - t h e  Q - m a r k e r .  ( N o t e :  Q u e s t i o n s  c o n s i s t i n g  
o f  a  s i n g l e  Q - m a r k e r  a n d  n o t h i n g  e l s e ,  " W h y ? "  f o r  e x a m p l e ,  a r e  c o u n t e d  a s  s i m p l e  
W H  q u e s t i o n s ;  w h e n e v e r  i t  w a s  u n c l e a r  w h e t h e r  a  q u e s t i o n ' s  f o r m  w a s  i n t o n a t e d  
( u n i n v e r t e d )  o r  e l l i p t i c a l ,  t h e  q u e s t i o n  w a s  c l a s s i f i e d  a s  i n t o n a t e d . )  
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O c c a s i o n a l l y ,  q u e s t i o n s  o c c u r r i n g  i n  n a t u r a l  s p e e c h  d e f y  c l a s s i f i c a t i o n  b y  f o r m .  
F o r  e x a m p l e ,  w h e n  a  s t u d e n t  v o i c e s  a n  a t t e n t i o n  s e e k i n g  q u e r y  s u c h  a s  " S i r ? "  t o  
f o c u s  t h e T A ' s  c o n c e n t r a t i o n  t o  w h a t  h e  i s  s a y i n g ,  i t  m u s t  b e  d e a l t  w i t h  i n d i v i d u a l l y .  
F u n c t i o n  
T h e  m a i n  f o c u s  o f  t h i s  t h e s i s  i s  o n  t h e  f u n c t i o n  o f  t h e  I T A s '  q u e s t i o n s ,  a n d  i t  w a s  
i n  c l a s s i f y i n g  t h e  q u e s t i o n s  b y  f u n c t i o n  t h a t  c a u s e d  t h e  m o s t  d i f f i c u l t y .  H o w  d o e s  o n e  
k n o w ,  w h e n  a n a l y z i n g  a  q u e s t i o n ,  w h a t  t h e  s p e a k e r  i n t e n d e d  w h e n  a s k i n g  i t ?  T h e r e  
a r e  ' s o m e  c l u e s ,  b a s e d  o n  a c c e p t e d  p r a c t i c e s  w i t h i n  a  s o c i e t y ,  t h a t  a l l o w  t h e  h e a r e r  
t o  d e t e r m i n e  t h e  p r o b a b l e  i n t e n t  a n d  t o  m a k e ,  i n  g e n e r a l ,  a n  a p p r o p r i a t e  r e s p o n s e .  
S o m e  c l u e s  a r e  i n  t h e  c o m b i n a t i o n s  o f  f o r m ,  w o r d  c h o i c e ,  i n t o n a t i o n  p a t t e r n ,  t o n e  o f  
v o i c e ,  a n d  c o n t e x t .  H o w e v e r ,  t h e r e  i s  s t i l l  p l e n t y  o f  g r a y  a r e a  i n  w h i c h  t o  l o s e  o n e s e l f  
w i t h  t h e  q u e r y ,  " W h a t  w a s  t h e  s p e a k e r ' s  a c t u a l  p u r p o s e  i n  a s k i n g  t h a t  q u e s t i o n ? "  
J o i n e d  t o  t h e  p r o b l e m  o f  d e c i d i n g  w h a t  w a s  g o i n g  t h r o u g h  a n o t h e r  p e r s o n ' s  
m i n d  w h i c h  w o u l d  p r o m p t  a  c e r t a i n  q u e s t i o n  i s  t h e  p r o b l e m  o f  d e t e r m i n i n g  i n  w h i c h  
c a t e g o r y  t h e  q u e s t i o n  b e s t  f i t s .  A d m i t t e d l y ,  t h e  c a t e g o r i e s  u s e d  i n  t h i s  s t u d y  h a v e  
"s~ft" b o u n d a r i e s ,  w h i c h  a l l o w  s o m e  q u e s t i o n s  t o  f a l l  i n t o  m o r e  t h a n  o n e  c a t e g o r y .  I t  
s h o u l d  b e  n o t e d  a l s o  t h a t  q u e s t i o n s  o f t e n  h a v e  m o r e  t h a n  o n e  f u n c t i o n .  W h e r e  t h i s  
w a s  t h e  c a s e ,  t h e  f u n c t i o n  w h i c h  s e e m e d  t o  b e  m o s t  i m p o r t a n t  w a s  c h o s e n .  
T h e  f o u r t e e n  c a t e g o r i e s  u s e d  i n  t h i s  c a s e  s t u d y  a r e  a  r a t h e r  e c l e c t i c  a s s o r t m e n t ,  
b u t  a r e  d r a w n  p r i m a r i l y  f r o m  K e a r s l e y  ( 1 9 7 6 ) ,  L o n g  a n d  S a t o  ( 1 9 8 3 ) ,  a n d  P l a k a n s  
( 1 9 8 7 ) .  T h e y  c a n  b e  d i v i d e d  i n t o  t h r e e  m a j o r  g r o u p s  w i t h  s u b d i v i s i o n s  a s  f o l l o w s :  
1 .  E p i s t e m i c - G e n e r a l l y  s p e a k i n g ,  t h e  p r i m a r y  f u n c t i o n  o f  e p i s t e m i c  q u e s t i o n s  i s  
t o  s e e k  i n f o r m a t i o n .  
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( a )  D i s p l a y  ( E v a l u a t i v e  ) - r e q u e s t s  i n f o r m a t i o n  t h a t  i s  a l r e a d y  k n o w n  b y  t h e  
q u e s t i o n e r .  T h i s  t y p e  o f  q u e s t i o n  i s  q u i t e  c o m m o n  i n  t h e  c l a s s r o o m  s e t -
t i n g  a n d  h a s  t h e  b a s i c  p u r p o s e  o f  t e s t i n g  t h e  h e a r e r ' s  k n o w l e d g e  o r  u n -
d e r s t a n d i n g .  B e c a u s e  i t  i s  u n c o m m o n  i n  a d u l t - t o - a d u l t  s p e e c h ,  i t  i s  n o t  
r e c o m m e n d e d  a s  a  t e a c h i n g  d e v i c e  i n  t h e  l a n g u a g e  c l a s s r o o m .  H o w e v e r ,  i t  
c a n  b e  ( a n d  i s )  u s e d  i n  a  l a b  s i t u a t i o n  t o  g e t  s t u d e n t s  t o  b e  m o r e  a c t i v e l y  
i n v o l v e d  i n  o r  t o  t h i n k  m o r e  a b o u t  w h a t  t h e y  a r e  d o i n g .  A n  e x a m p l e  
s p e c i f i c  t o  t h i s  s t u d y  i s  T A 2  a s k i n g  a  s t u d e n t ,  "  . . .  w h a t  i s  t h e  u h  a n g l e  o f  
r e f r a c t i o n ? "  w h e n  h e  c a n  s e e  f o r  h i m s e l f  w h a t  t h e i r  a n g l e  o f  r e f r a c t i o n  i s .  
( b )  R e f e r e n t i a l - R e f e r e n t i a l  q u e s t i o n s  r e q u e s t  i n f o r m a t i o n  t h a t  i s  u n k n o w n  t o  
t h e  q u e s t i o n e r  a n d  o f  r e a l  i n t e r e s t  ( a s  o p p o s e d  t o  q u e s t i o n s  w h o s e  f u n c t i o n  
i s  t o  c a r r y  o n  p o l i t e  c o n v e r s a t i o n ) .  F o r  e x a m p l e ,  a  s t u d e n t  i n  T A l ' s  l a b  
a s k e d ,  " H o w  e x a c t l y  u r n ,  d o  y o u  c a l c u l a t e  i n d e x  o f  r e f r a c t i o n ? "  H e  h a d  a  
r e a l  i n t e r e s t  i n  f i n d i n g  o u t  s i n c e  t h e  i n f o r m a t i o n  w a s  r e q u i r e d  t o  c o m p l e t e  
t h e  l a b  r e p o r t .  
( c )  V e r i f i c a t i o n - T h e  v e r i f i c a t i o n  r e q u e s t  c a n  b e  t h o u g h t  o f  a s  a  r e q u e s t  f o r  r e -
a s s u r a n c e  o f  c o m p r e h e n s i o n  o f  i n f o r m a t i o n  w h i c h  h a s  b e e n  o b t a i n e d  p r e v i -
o u s l y .  I t  i s  n o t  a l w a y s  p o s s i b l e  t o  d i s t i n g u i s h  b e t w e e n  v e r i f i c a t i o n  r e q u e s t s  
a n d  r e f e r e n t i a l  q u e s t i o n s  w h i c h  a r e  g u e s s e s  i n  q u e s t i o n  f o r m .  W h e r e  t h e r e  
w a s  d o u b t ,  m o s t  w e r e  c l a s s i f i e d  a s  r e f e r e n t i a l .  I n  t h e  f o l l o w i n g  e x a m p l e ,  a  
s t u d e n t  i n  T A 2 ' s  c l a s s  a s k s  a  h i d d e n  q u e s t i o n  t o  v e r i f y  a  p r e v i o u s  s t a t e -
m e n t  m a d e  b y  T A 2 :  
T A :  . . .  a n d  t h e n  y o u  p u t  a n o t h e r  l e n s .  T h i s  i s  j u s t  f o r  m a k e  t h e  r a y  
--~----
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p a r a l l e l .  Y o u ' r e  n o t  i n v e s t i g a t i n g  t h e  f o c a l  l e n g t h  o f  t h i s .  
S l :  S o  n o w  w e ' r e  g o n n a  p u t  a n o t h e r  o n e  i n  a f t e r  i t .  
T A :  R i g h t .  
( d )  " F i l l - i n - t h e - b l a n k " - T h i s  s u b c a t e g o r y  h a s  b e e n  a d d e d  t o  d e a l  w i t h  e l l i p -
t i c a l  q u e s t i o n s  w h i c h  a r e  a d d e d  o n t o  a n o t h e r  s p e a k e r ' s  u t t e r a n c e .  T h e  
q u e s t i o n e r ' s  a p p a r e n t  p u r p o s e  i s  t o  c h e c k  ( o r  p e r h a p s  s h o w )  h i s  / h e r  o w n  
u n d e r s t a n d i n g  o f  w h a t  t h e  o t h e r  s p e a k e r  i s  s a y i n g  b y  a t t e m p t i n g  t o  c o m -
p l e t e  t h a t  p e r s o n ' s  s e n t e n c e ,  b u t  w i t h  r i s i n g  i n t o n a t i o n .  
T A :  . . .  a n d  i n  t h a t  c a s e  y o u  h a v e  t o  m e a s u r e  t h e  a n g l e ,  b u t  f o r  
t h i s  c a s e -
S ! :  D o e s n ' t  m a t t e r ?  
2 .  E c h o i c - Q u e s t i o n s  i n  t h i s  c a t e g o r y  h a v e  t h e  c o m m o n  p u r p o s e  o f  m a k i n g  a n  u t -
t e r a n c e  h e a r d  a n d /  o r  u n d e r s t o o d .  T h e  s i x  s u b c a t e g o r i e s  i n c l u d e d  h e r e  a r e  c o n -
f i r m a t i o n  c h e c k ,  c l a r i f i c a t i o n  r e q u e s t ,  c o m p r e h e n s i o n  c h e c k ,  r e p e t i t i o n ,  r e p h r a s -
i n g ,  a n d  e x p a n s i o n / a d d i t i o n .  
( a )  C o n f i r m a t i o n  C h e c k - u s u a l l y  a  s h o r t  r e p e t i t i o n ,  w h o l e  o r  i n  p a r t ,  o f  w h a t  
a n o t h e r  s p e a k e r  h a s  s a i d .  I t s  f u n c t i o n  i s  t o  c h e c k  t h e  q u e s t i o n e r ' s  h e a r i n g  
o r  c o m p r e h e n s i o n  o f  t h e  p r e v i o u s  s p e a k e r ' s  u t t e r a n c e .  T h e  f o l l o w i n g  d i a l o g  
c o n t a i n s  a  s t u d e n t ' s  c o n f i r m a t i o n  c h e c k  i n  r e s p o n s e  t o  t h e  I T A ' s  d i s p l a y  
q u e s t i o n :  
T A : T h e n  w h a t  i s - w h a t  i s  t h e  u h  a n g l e  o f  r e f r a c t i o n ?  F o r  t h i s  
c a s e ?  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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S l :  T h e  a n g l e  o f  r e f r a c t i o n ?  
( b )  C l a r i f i c a t i o n  R e q u e s t - t h e  q u e s t i o n e r ' s  a t t e m p t  t o  u n d e r s t a n d  a n o t h e r  
p e r s o n ' s  i n f o r m a t i o n  o r  s i m p l y  t o  h e a r  i t  c o r r e c t l y .  S o m e  c l a r i f i c a t i o n  
r e q u e s t s  a r e  e p i s t e m i c  i n  f u n c t i o n ,  b u t  i n  t h i s  s t u d y  n o  d i s t i n c t i o n  i s  m a d e  
b e t w e e n  e c h o i c  a n d  , e p i s t e m i c .  ( P l a k a n s  ( 1 9 8 7 ) ,  h o w e v e r ,  d i d  h a v e  a  s e p -
a r a t e  c a t e g o r y  f o r  e a c h  i n  h e r  t h e s i s . )  A  t y p i c a l  c l a r i f i c a t i o n  r e q u e s t  i s  
" W h a t ' d  y o u  s a y ? "  
( c )  C o m p r e h e n s i o n  C h e c k - a  w a y  f o r  t h e  q u e s t i o n e r  t o  f i n d  o u t  w h e t h e r  t h e  
h e a r e r  h a s  u n d e r s t o o d  w h a t  t h e  q u e s t i o n e r  s a i d .  Q u i t e  o f t e n  i t  c o m e s  i n  
t h e  f o r m  o f  a  t a g  a t  t h e  e n d  o f  a  s t a t e m e n t ,  e s p e c i a l l y  t h e  w o r d s  " r i g h t "  
a n d  " O K . "  S o m e  t e a c h e r s  u s e  ~his t e c h n i q u e  f r e q u e n t l y  w h e n  e x p l a i n i n g  
m a t e r i a l ,  a s  d i d  T A l .  H e r e  i s  a  t y p i c a l  c o m p r e h e n s i o n  c h e c k  f r o m  h i s  c l a s s :  
T A :  S o  h e r e ,  d i r e c t i o n  o f  n o r m a l  a c t u a l l y  i s  t w o ,  r i g h t ?  
( d )  R e p e t i t i o n - a  q u e s t i o n  w h i c h  i s  r e p e a t e d  b e c a u s e  t h e  h e a r e r ,  f o r  w h a t e v e r  
r e a s o n ,  h a s  f a i l e d  t o  a n s w e r  i t  t h e  f i r s t  t i m e  t o  t h e  q u e s t i o n e r ' s  s a t i s f a c t i o n .  
S o m e t i m e s  i t  i s  m a d e  i n  r e s p o n s e  t o  a  c l a r i f i c a t i o n  r e q u e s t .  A  r e p e t i t i o n  
d o e s  n o t  n e e d  t o  b e  a n  e x a c t  r e p e a t  o f  t h e  p r e v i o u s  q u e s t i o n ,  a n d  t h i s  i s  
w h e r e  t h e  b o u n d a r y  b e t w e e n  r e p e t i t i o n s  a n d  r e p h r a s i n g s  i s  a  l i t t l e  s o f t .  
( S e e  e x a m p l e  u n d e r  R e p h r a s i n g )  
( e )  R e p h r a s i n g - r e p e a t  w i t h  a  c h a n g e  i n  w o r d i n g  o f  a  q u e s t i o n  w h i c h ,  a s  i n  
t h e  c a s e  o f  a  r e p e t i t i o n ,  h a s  n o t  b e e n  a n s w e r e d  s a t i s f a c t o r i l y  o r  w h i c h  
i s  c o n s i d e r e d  b y  t h e  q u e s t i o n e r  t o  h a v e  b e e n  i n a d e q u a t e l y  p h r a s e d .  T h e  
f o l l o w i n g  e x a m p l e  t a k e n  f r o m  T A 2 ' s  l a b  c l a s s  i n c l u d e s  f i r s t  a  r e p e t i t i o n  
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a n d  t h e n  a  r e p h r a s i n g  i n  t h e  I T A ' s  f i n a l  u t t e r a n c e .  
T A :  Y e a h ,  t h e n  w h e r e  i s  t h i s  b e a m  f r o m ?  
S l :  I t  c o m e s - i t  c o m e s  s t r a i g h t  o u t ,  i t  l o o k s  l i k e .  Y o u  c a n  s e e  
t h e  l i n e ,  I  t h i n k .  
T A :  W h e r e  i s  t h i s  b e a m  f r o m ?  W h a t  k i n d  o f  b e a m  i s  t h i s ?  
( f )  E x p a n s i o n /  A d d i t i o n - T h i s  c a t e g o r y  h a s  b e e n  a d d e d  t o  t a k e  c a r e  o f  t h e  
p a r t i a l  q u e s t i o n s  w h i c h  f o l l o w  a n  i n i t i a l  q u e s t i o n ,  s o m e t i m e s  e v e n  b e f o r e  
t h e  h e a r e r  h a s  b e e n  g i v e n  a  t u r n  t o  r e s p o n d .  T h e  q u e s t i o n e r  r e c o g n i z e s  
e i t h e r  f r o m  t h e  h e a r e r ' s  r e s p o n s e  o r  f r o m  h i s / h e r  o w n  m o n i t o r i n g  b e f o r e  
t h e  h e a r e r  c a n  r e s p o n d  t h a t  t h e  o r i g i n a l  q u e s t i o n  n e e d s  s o m e  c l a r i f i c a -
t i o n .  T h e  e x a m p l e  b e l o w  h a s  a  r e f e r e n t i a l  q u e s t i o n  f o l l o w e d  b y  t w o  e x p a n -
s i o n / a d d i t i o n s :  
S l : H o w  e x a c t l y  u r n ,  d o  y o u  c a l c u l a t e  i n d e x  o f  r e f r a c t i o n ?  U s i n g  
t h e  u h ,  c r i t i c a l  a n g l e ?  T h a t  s e c o n d  t e c h n i q u e ?  
3 .  E x t r a - i n t e r r o g a t i v e - c a t e g o r y  o f  q u e s t i o n s  u s u a l l y  h a v i n g  t h e  f u n c t i o n  o f  c a r -
r y i n g  e x t r a  i n f o r m a t i o n - b e y o n d  t h e  a c t u a l  q u e s t i o n - t o  t h e  h e a r e r .  T h e  s u b -
c a t e g o r i e s  i n c l u d e d  h e r e  a r e  r h e t o r i c a l ,  d i r e c t i v e ,  a p p e a l ,  a n d  e x p r e s s i v e .  
( a )  R h e t o r i c a l - n o t  a  t r u e  q u e s t i o n  i n  t h a t  i t  d o e s  n o t  e x p e c t  a  r e s p o n s e  f r o m  
t h e  h e a r e r .  T h e  r e s p o n s e  i s  e i t h e r  u n d e r s t o o d  f r o m  t h e  q u e s t i o n  i t s e l f  o r  i s  
s u p p l i e d  b y  t h e  q u e s t i o n e r .  T h e  e x a m p l e  b e l o w  i s  f r o m  T A 2 ' s  c l a s s  w h e n  
h e  w a s  w o r k i n g  w i t h  s o m e  s t u d e n t s  o n  a  p r o b l e m  r e g a r d i n g  a  g r a p h  o f  a  
l i n e  t h e y  h a d  d r a w n :  T A :  T h e n  y o u  g o t  a  s t r a i g h t  l i n e . ·  H o w  c a n  s l o p e  
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c h a n g e ?  ( i . e .  T h e  s l o p e  o f  a  s t r a i g h t  l i n e  c a n  N E V E R  c h a n g e ,  s o  t h e  
s t u d e n t s  m u s t  h a v e  m a d e  a n  e r r o r  s o m e w h e r e . )  
( b )  D i r e c t i v e - a c t u a l l y  a  r e q u e s t  o r  " c o m m a n d "  i n  t h e  p o l i t e  f o r m  o f  a  q u e s -
t i o n  t h a t  t h e  h e a r e r  d o  s o m e t h i n g .  F o r  e x a m p l e ,  T A 2  s a y i n g  t o  h i s  s t u d e n t ,  
" C a n  I  s e e  t h e  g r a p h ? "  c o u l d  b e  w r i t t e n  a s  " H a n d  m e  t h e  g r a p h ,  p l e a s e , "  
a n d  a n y t h i n g  o t h e r  t h a n  t h e  a c t i o n  b e i n g  c a r r i e d  o u t  w o u l d  s e e m  s t r a n g e  
o r  e v e n  r u d e .  
( c )  A p p e a l - l i k e  r e f e r e n t i a l  q u e s t i o n s  b u t  a s k  f o r  p e r m i s s i o n  a s  m u c h  i f  n o t  
m o r e  s o  t h a n  f o r  i n f o r m a t i o n .  T h e  e x a m p l e  t a k e n  f r o m  T A l ' s  l a b  c o n c e r n s  
a  s t u d e n t  w h o  b r o u g h t  t h e  p a p e r s  f o r  t h e  w r o n g  l a b  e x p e r i m e n t s  i n s t e a d  
o f  t h e  o n e s  b e i n g  u s e d  t h a t  d a y .  S :  C a n  I  d o  i t  o n  p a p e r ?  A n d  b r i n g  t h e  
p r e l a b  i n  o n - o n  n e x t  F r i d a y  o r  p u t  i t  i n  y o u r  b o x ?  
( d )  E x p r e s s i v e - T h i s  t y p e  o f  q u e s t i o n  g i v e s  i n f o r m a t i o n  t o  t h e  h e a r e r  a b o u t  
t h e  a t t i t u d e  o r  f e e l i n g  o f  t h e  q u e s t i o n e r .  S u r p r i s e ,  d o u b t ,  h u m o r ,  o r  i r -
r i t a t i o n  c a n  a l l  b e  e x p r e s s e d  i n  t h e  f o r m  o f  a  q u e s t i o n .  S o m e  e x p r e s s i v e  
q u e s t i o n s  a r e  a l s o  r h e t o r i c a l .  H o w e v e r ,  a s  w a s  s t a t e d  e a r l i e r ,  q u e s t i o n s  
o f t e n  d o  h a v e  m o r e  t h a n  o n e  f u n c t i o n  a n d  a r e  c a t e g o r i z e d  i n  t h i s  s t u d y  
b y  w h i c h  s e e m s  t o  b e  o f  g r e a t e s t  i m p o r t a n c e .  T h e  e x a m p l e  h e r e  i s  f r o m  a  
d i a l o g  i n  w h i c h  o n e  s t u d e n t  h a d  s u c c e s s f u l l y  a n s w e r e d  s e v e r a l  d i s p l a y  q u e s -
t i o n s  i n  a  r o w  a s k e d  b y  t h e  I T A  a n d  f i n a l l y  c o u n t e r e d  w i t h  t h e  h u m o r o u s  
q u e s t i o n :  " S o  d o  I  w i n ? ! "  
A l l  f o u r t e e n  f u n c t i o n  s u b c a t e g o r i e s  u s e d  i n  t h i s  r e s e a r c h  a r e  o f  i n t e r e s t  i n  e x a m i n i n g  
t h e  r o l e  o f  q u e s t i o n s  i n  a n  i n t r o d u c t o r y  p h y s i c s  l a b  t a u g h t  b y  a n  I T A ,  b u t  o f  p a r t i c u l a r  
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i n t e r e s t  a r e  t h e  q u e s t i o n s  w h i c h  t h e  I T A  u s e s  a s  a  w a y  o f  g e t t i n g  t h e  s t u d e n t s  t o  t h i n k  
a b o u t  w h a t  t h e y  a r e  d o i n g  i n s t e a d  o f  j u s t  f i l l i n g  i n  t h e  b l a n k s  t o  f i n i s h  a s  s o o n  a s  
p o s s i b l e .  T h e s e  q u e s t i o n s  s e e m  t o  b e  i n  t h e  d i s p l a y  a n d  r h e t o r i c a l  c a t e g o r i e s .  A l s o  
o f  s p e c i a l  i n t e r e s t  a r e  t h e  e c h o i c  q u e s t i o n s ,  w h i c h  a r e  u s e d  b y  t h e  I T A s  a n d  s t u d e n t s  
a l i k e  t o  n e g o t i a t e  f o r  m e a n i n g .  
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C H A P T E R  4 .  A N A L Y S I S  A N D  R E S U L T S  
T h e  m a i n  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  e x a m i n e  t h e  f o r m  a n d  f u n c t i o n s  o f  q u e s -
t i o n s  t h a t  o c c u r r e d  i n  t h e  c o n v e r s a t i o n s  b e t w e e n  t h e  t w o  I T A s  a n d  t h e i r  l a b  s t u d e n t s .  
B e c a u s e  o f  t h e  n a t u r e  o f  t h e  d a t a ,  t h e  a n a l y s i s  o f  t h e  q u e s t i o n s  i s  i n t e n d e d  a s  a  d e -
s c r i p t i o n  o f  t e n d e n c i e s  o n l y .  
I n  T A l ' s  F r i d a y  a f t e r n o o n  l a b ,  t h e  n u m b e r  o f  q u e s t i o 1 1 : s  r e c o r d e d  t o t a l e d  2 9 5 :  
1 4 9  m a d e  b y  t h e  I T A  a n d  1 4 6  b y  h i s  e i g h t  s t u d e n t s  ( s e e  T a b l e  4 . 1 ) .  F o r  T A l ,  t h e  
l a r g e s t  n u m b e r  o f  q u e s t i o n s  b y  f a r ,  6 4 ,  o c c u r r e d  i n  t h e  c o m p r e h e n s i o n  c h e c k  c a t e g o r y .  
T h e  n e x t  l a r g e s t  c a t e g o r y  w a s  r e f e r e n t i a l ,  w i t h  2 9 ,  f o l l o w e d  b y  d i s p l a y ,  w i t h  1 7 .  F o r  
t h e  s t u d e n t s ,  r e f e r e n t i a l  q u e s t i o n s  m a d e  u p  t h e  l a r g e s t  g r o u p ,  7 2 .  T h e y  a l s o  m a d e  1 8  
c o n f i r m a t i o n  c h e c k s  a n d  1 6  c l a r i f i c a t i o n  r e q u e s t s .  
T A 2 ' s  W e d n e s d a y  a f t e r n o o n  l a b  h a d  a  t o t a l  o f  3 3 1  a n a l y z e d  q u e s t i o n s :  1 3 0  f r o m  
t h e  I T A  a n d  2 0 1  f r o m  h i s  1 3  s t u d e n t s  ( s e e  T a b l e  4 . 2 ) .  T A 2  a s k e d  h i s  s t u d e n t s  3 1  
d i s p l a y  a n d  2 1  r e f e r e n t i a l  q u e s t i o n s .  H e  a l s o  m a d e  2 4  c o n f i r m a t i o n  c h e c k s ,  1 6  c l a r i -
f i c a t i o n  r e q u e s t s ,  a n d  1 0  c o m p r e h e n s i o n  c h e c k s .  T h e  s t u d e n t s  a s k e d  1 0 0  r e f e r e n t i a l  
q u e s t i o n s ,  a s  w e l l  a s  2 5  c o n f i r m a t i o n  c h e c k s ,  2 1  c l a r i f i c a t i o n  r e q u e s t s ,  a n d  2 2  r e p h r a s -
i n g s .  
A s  i s  i n d i c a t e d  b y  t h e  q u e s t i o n s  c o u n t e d ,  t h e  t w o  I T A s  d i f f e r  s o m e w h a t  i n  t h e i r  
a p p r o a c h  t o  t e a c h i n g  w i t h  r e g a r d  t o  t h e i r  u s e  o f  q u e s t i o n s .  B o t h  a r e  m o r e  l i k e l y  
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3 5  
t o  l e t  t h e  s t u d e n t s  i n i t i a t e  a  d i a l o g  t h a n  t o  i n t e r r u p t  t h e  s t u d e n t s  w i t h  a  q u e s t i o n .  
H o w e v e r ,  o n c e  t h e  d i a l o g  h a s  b e e n  s t a r t e d ,  T A l  t e n d s  t o  g i v e  a  s h o r t ,  d i r e c t  a n s w e r  t o  
a  s t u d e n t ' s  r e f e r e n t i a l  q u e s t i o n  a n d  t h e n  e x p l a i n  f u r t h e r  u s i n g  c o m p r e h e n s i o n  c h e c k s ,  
a l m o s t  a l w a y s  i n  t h e  f o r m  o f  t a g  q u e s t i o n s ,  w h e r e a s  T A 2  h a s  a  t e n d e n c y  t o  r e s p o n d  
w i t h  a  s h o r t  a n s w e r  f o l l o w e d  b y  a  d i s p l a y  q u e s t i o n .  A n o t h e r  d i f f e r e n c e  b e t w e e n  t h e  
t w o  I T A s  i s  u s e  o f  c o n f i r m a t i o n  c h e c k s  a n d  c l a r i f i c a t i o n  r e q u e s t s .  T A 2  i s  m u c h  m o r e  
l i k e l y  t o  c h e c k  h i s  u n d e r s t a n d i n g  o f  s t u d e n t s '  q u e s t i o n s  a n d  r e q u e s t  c l a r i f i c a t i o n  b e f o r e  
r e s p o n d i n g  t h a n  i s  T A l .  ( C o m p a r e  1 8 %  c o n f i r m a t i o n  c h e c k s  a n d  1 2 %  c l a r i f i c a t i o n  
r e q u e s t s  f o r  T A 2  t o  4 %  a n d  5 %  r e s p e c t i v e l y  f o r  T A L )  C o n s e q u e n t l y ,  c o n v e r s a t i o n s  
b e t w e e n  T A 2  a n d  h i s  s t u d e n t s  i n c l u d e  m o r e  r e p h r a s i n g s  o f  q u e s t i o n s  b y  t h e  s t u d e n t s  
t h a n  i n  T A l ' s  l a b .  .  
T h e  f o l l o w i n g  d i a l o g s  s e l e c t e d  f r o m  t h e  d a t a  w i l l  s e r v e  a s  e x a m p l e s  o f  i n t e r a c t i o n s  
b e t w e e n  t h e  I T A s  a n d  s t u d e n t s  i n  t h e i r  p h y s i c s  l a b s ,  f o c u s i n g  o n  t h e  u s e s  o f  q u e s t i o n s .  
T h e  I T A  m a y  e n c o u n t e r  a  w i d e  v a r i e t y  o f  s i t u a t i o n s  a n d  s t u d e n t  a t t i t u d e s  i n  t h e  l a b  
c l a s s  c o n t a i n e d  i n  m a n y  d i f f e r e n t  f o r m s  o f  s p e e c h .  A n  a w a r e n e s s  o f  p o s s i b l e  l i n g u i s t i c  
a n d  c l a s s r o o m  s i t u a t i o n s  c o u l d  b e  h e l p f u l  t o  t h e  I T A  p r e p a r i n g  t o  t e a c h  a  s c i e n c e  
l a b .  
T h e  f i r s t  d i a l o g  b e l o w  i s  a  f a i r l y  t y p i c a l  e x a m p l e  o f  t e a c h e r - s t u d e n t  e x c h a n g e s  
i n  T A l ' s  l a b .  T h e  c o n v e r s a t i o n  i s  i n i t i a t e d  b y  a  s t u d e n t  w i t h  a  r e f e r e n t i a l  q u e s t i o n .  
T A l  r e s p o n d s  w i t h  a n  e x p l a n a t i o n  u s i n g  c o m p r e h e n s i o n  c h e c k s .  ( T A l  s i d e  A  3 3 : 4 1 )  
S l :  S o ,  w h e r e  d o  w e  m e a s u r e  f r o m ?  O K ,  i t ' s  5 9 ,  b u t  d o  j w e  m e a s u r e  
f r o m  [  . . .  ]  
S 2 :  I [ O h ,  m e a s u r e  f r o m  t h e  n o r m a l ? ]  
T A :  N o .  H e r e  i (  s )  t h e  d i r e c t i o n .  [ W e  c a l l  i t ]  d i r e c t i o n  i s  
3 6  
j u s t - j u s t  w h a t  d o  y o u  r e a d ?  5 9  o r  6 0 ,  r i g h t ?  S o  t h a t ' s  t h e  
d i r e c t i o n .  T h e n  d i r e c t i o n  o f  n o r m a l ,  s o  t h i s  i s  n o r m a l ,  n o r m a l  
i s  3 0  d e g r e e s ,  r i g h t ?  I t ' s  1 2 0  m i n u s  9 0  d e g r e e s  i s  3 0  d e g r e e s ,  s o  
t h e  d i r e c t i o n  o f  s - t h e  n o r m a l  i s  3 0  d e g r e e .  T h e n  t h e  a n g l e  o f -
o f  r e f r a c t i o n  [ i n ] - t h a t  m e a n s  b e t w e e n - r e f r a c t  m e a n s  [ n ]  n o r m a l ,  
5  
r i g h t ?  S o  [  . . .  a n g l e ] .  [ A n ]  i n c i d e n t  [ a n d ]  z e r o .  S o  i n c i d e n t  1 0  
a n g l e  i s  i n c i d e n t  r a y  b e t w e e n - b e t w e e n  t h e  i n c i d e n t  r a y  a n d  t h e  
n o r m a l .  S o  [ y o u ?  w e ? ]  g o  d o w n  h e r e .  A n d  5 9 ,  
S l :  5 9  
T A :  Y e a h .  A n d  t h i s  i s  3 0 .  A n g l e  o f  i n c i d e n t - i n c i d e n t  i s  z e r o ,  
r i g h t ?  I t ' s  a l w a y s  [ s e t ]  a t  z e r o ,  r i g h t , =  
S l :  O h ,  ! y e a h  
T A : =  l s o  t h i s  i s  3 0 . =  
S l :  R i g h t  
T A : =  A n g l e  o f  r e f r a c t i o n ,  b e t w e e n  t h i s  t w o  d i r e c t i o n s ,  s o  i t ' s  u h  
5 9  m i n u s  1 3 0 .  
S l :  1 3 0 .  O K .  ( p a u s e )  
1 5  
2 0  
A t  t h e  b e g i n n i n g  o f  t h e  d i a l o g ,  t h e r e  a r e  a c t u a l l y  t h r e e  s t u d e n t  q u e s t i o n s .  S l  ' s  
i n i t i a l  r e f e r e n t i a l  q u e s t i o n  i s  f o l l o w e d  b y  w h a t  i s  p r o b a b l y  a  r e p h r a s i n g  o r  a n  e x p a n -
s i o n  o f  t h e  o r i g i n a l  q u e s t i o n .  5 2 ' s  r e f e r e n t i a l  q u e s t i o n  p a r t i a l l y  o v e r l a p s  S l  ' s  s e c o n d  
q u e s t i o n ,  m a k i n g  t h e  l a s t  p a r t  u n i n t e l l i g i b l e  a n d  p u t t i n g  t h e  t r a n s c r i p t i o n  o f  5 2 ' s  
u t t e r a n c e  i t s e l f  i n t o  s o m e  d o u b t .  B e c a u s e  o f  t h e  o v e r l a p  a n d  c o n s e q u e n t  mi~sing 
s p e e c h ,  i t  i s  d i f f i c u l t  t o  d e t e r m i n e  t o  w h i c h  q u e s t i o n  T A l  i s  r e s p o n d i n g .  I n  a n y  c a s e ,  
h i s  r e s p o n s e  i s  a  s t r a i g h t f o r w a r d  " n o "  f o l l o w e d  i m m e d i a t e l y  b y  a n  e x p l a n a t i o n .  I n  
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l i n e  5 ,  T A l  a s k s  a  r h e t o r i c a l  q u e s t i o n ,  t h e n  a n s w e r s  i t ,  a n d  t a g s  o n  a  c o m p r e h e n s i o n  
c h e c k  a t  t h e  e n d .  ( T h i s  c o u l d  b e  c o n s i d e r e d  a  r e f e r e n t i a l  q u e s t i o n  e x c e p t  t h a t  S l  
a l r e a d y  g a v e  t h e  i n f o r m a t i o n ,  " 5 9 , "  i n  l i n e  1 . )  I n  t h i s  f i r s t  p a r t  o f  t h e  e x p l a n a t i o n ,  
T A l  t w i c e  m o r e  u s e s  c o m p r e h e n s i o n  c h e c k s ,  i n  l i n e s  7  a n d  1 0 ,  a l s o  i n  t h e  t a g  f o r m  
" r i g h t . "  N e i t h e r  s t u d e n t  r e s p o n d s  t o  a n y  o f  t h e s e  c o m p r e h e n s i o n  c h e c k s ,  w h i c h  c o u l d  
b e  t a k e n  b y  t h e  I T A  a s  t h e i r  u n d e r s t a n d i n g  w h a t  h a s  b e e n  e x p l a i n e d  s o  f a r ,  o r  a t  
l e a s t  a  w i l l i n g n e s s  o n  t h e i r  p a r t  t o  h a v e  t h e  I T A  c o n t i n u e  w i t h  t h e  e x p l a n a t i o n .  
A n  i n t e r e s t i n g  a s p e c t  o f  t h i s  d i a l o g  d e v e l o p s  i n  l i n e  1 4 .  A f t e r  a f f i r m i n g  S l  ' s  
c o n f i r m a t i o n  r e q u e s t  ( l i n e  1 3 )  a n d  r e s t a t i n g  t h e  d i r e c t i o n  o f  n o r m a l ,  T A l  m a k e s  
a  m i s t a k e .  H e  r e a l i z e s  h i s  m i s t a k e - a n g l e  r a t h e r  t h a n  d i r e c t i o n  o f  i n c i d e n t - a n d  
c o r r e c t s  i t ,  b u t  n o t  c l e a r l y  e n o u g h .  T h i s  m i s u n d e r s t a n d i n g  b e c o m e s  a p p a r e n t  a s  t h e  
d i a l o g  c o n t i n u e s  w i t h  S l  ' s  c o n f i r m a t i o n  c h e c k  ( l i n e  2 2 ) :  
S l :  S o  t h e  a n g l e  o f  i n c i d e n c e  i s  z e r o ,  r i g h t ?  
T A :  Y e a h ,  I  y e a h .  
S 2 :  ! Z e r o ! ? !  F o r  a l l  o f [  . . .  ]  
S l :  T h e y ' r e  a l l  z e r o s ?  
T A : A l l  z e r o .  N o  n o !  T h i s  i s  a n g l e  o f  i n c i d e n t .  [ I  m e a n t ]  
d i r e c t i o n  o f  t h e  i . n c i d e n t  i s  z e r o .  
S l :  S o  i t ' s  3 0 .  
T A : S o  3 0 ,  y e a h .  
S 2 :  O K .  S o ,  
T A : ( l a u g h s )  M a k e  s u r e  y o u  h a v e  t h e m  d o w n  O K  t h o u g h .  
S 2 :  O K ,  s o  o n e  m o r e  
T A : [ I t ' s  a i r c o n d i t i o n e d ,  I ' m  s o  h o t ! ]  
2 5  
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T A l  d o e s  n o t  c o r r e c t l y  r e s p o n d  ( l i n e  2 3 )  t o  S  1  ' s  c o n f i r m a t i o n  c h e c k ,  p e r h a p s  b e c a u s e  
o f  n o t  h e a r i n g  i t  c o m p l e t e l y  o r  n o t  l i s t e n i n g  c a r e f u l l y  e n o u g h .  I t  i s  5 2 ' s  e x p r e s s i o n  o f  
d i s b e l i e f  ( l i n e  2 4 )  a n d  S l ' s  c o n s e q u e n t  r e f e r e n t i a l  q u e s t i o n  ( l i n e  2 5 )  t h a t  c a u s e  T A l  
r e a l l y  t o  l o o k  a t  w h a t  t h e  s t u d e n t s  a r e  d o i n g  a n d  c o r r e c t  t h e  m i s t a k e  m a d e  e a r l i e r .  
T h i s  i s  o n e  e x a m p l e  o f  t h e  c o m m i t m e n t  t o  c o m m u n i c a t i o n  t h a t  s t u d e n t s  a n d  I T A s  
h a v e  i n  a  l a b  s e t t i n g  w h i c h  p e r h a p s  w o u l d  n o t  b e  a s  s t r o n g  i n  a  s i t u a t i o n  o f  p o l i t e  
c o n v e r s a t i o n  o r  e v e n  a  r e c i t a t i o n  c l a s s .  
T A l  i s  n o t  a l o n e  i n  u s i n g  c o m p r e h e n s i o n  c h e c k s ;  h o w e v e r ,  T A 2  i s  m o r e  l i k e l y  t o  
u s e  d i s p l a y  q u e s t i o n s  w h e n  a n s w e r i n g  s t u d e n t  q u e s t i o n s .  T h e  f o l l o w i n g  s h o r t  d i a l o g  
i n c l u d e s  t w o  d i s p l a y  q u e s t i o n s  b y  T A 2  a s  w e l l  a s  a  c l a r i f i c a t i o n  r e q u e s t ,  a l s o  t y p i c a l  
o f  t h e  i n t e r a c t i o n s  w i t h  h i s  l a b  s t u d e n t s .  ( T A 2  s i d e  A  8 : 1 8 )  
S l :  T h i s  i s  y o u r  n o r m a l ,  r i g h t ?  
T A : S o r r y ?  
S l :  I s  t h i s  y o u r  n o r m a l  t o  t h i s ?  
T A :  Y e s ,  t h a t ' s  t h e  n o r m a l  t o  t h e  s u r f a c e .  
S l :  W h e n  t h e y ' r e  t a l k i n g  a b o u t  t h e s e  r a y s ,  t h i s  r a y  e n t e r i n g  t h e  5  
b l o c k ,  [ d r a w ]  o n  t h e  g r a p h  t o w a r d  o r  a w a y  f r o m  t h e  n o r m a l  o f  
t h e  s u r f a c e ,  w h i c h  w a y  a r e  t h e y  t a l k i n g  a b o u t ,  t h i s  w a y  o r  
t h i s  w a y ?  
T A : U m m  
S l :  O h  t h i s  i s  t h e  w a y .  
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T A : W h a t  i s  t h e  i n c i d e n t  b e a m ?  
S l :  T h e  i n c i d e n t  b e a m  [ I  g u e s s ]  i s  t h i s  o n e .  
T A : O K ,  [ i f ]  t h a t  b e a m  s t r i k e  t h i s  s u r f a c e ,  a n d  t h e  n o r m a l  t o  t h i s  
3 9  
s u r f a c e  i s  t h i s  l i n e ,  
5 1 :  R i g h t .  
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T A : R i g h t ?  T h e n  t h e  q u e s t i o n  i s ,  i f  t h e r e  w a s  n o  b l o c k ,  t h e n  t h e  
b e a m  s h o u l d  g o  s t r a i g h t  a h e a d .  
5 1 :  M h m  
T A : B . u t  b e c a u s e  o f  t h e  b l o c k ,  d o e s  i t  g o  t o w a r d  t h i s  l i n e  o r  a w a y  
f r o m  t h a t  l i n e ?  2 0  
( l o n g ,  t h o u g h t f u l  p a u s e  i n t e r r u p t e d  b y  t h e  a r r i v a l  o f  t h e  l a b  
p a r t n e r ,  l a t e  t o  c l a s s )  
T h e  c o n v e r s a t i o n  i s  i n i t i a t e d  b y  5 1  w i t h  a  r e f e r e n t i a l  q u e s t i o n .  I n s t e a d  o f  a n -
.  
s w e r i n g  d i r e c t l y ,  T A 2  a s k s  f o r  c l a r i f i c a t i o n  ( l i n e  2 ) .  5 1  t h e n  r e p h r a s e s  t h e  q u e s t i o n  
( l i n e  3 ) ,  w h i c h  T A 2  t h e n  a n s w e r s  a : f f i r m a t i v e l y ,  r e p e a t i n g  t h e  k e y  t e r m  i n  i t s  f u l l  f o r m  
( l i n e  4 ) .  T h e  s t u d e n t  f o l l o w s  w i t h  a n o t h e r  r e f e r e n t i a l  q u e s t i o n  c o n t a i n i n g  a  r a t h e r  
l o n g  l e a d .  T A 2 ,  i n s t e a d  o f  p r o v i d i n g  t h e  a n s w e r ,  s t a l l s  f o r  t i m e .  5 1  t h e n  a n s w e r s  h i s  
o w n  q u e s t i o n  ( l i n e  1 0 ) .  
I n  g e n e r a l ,  T A 2  u s e s  d i s p l a y  q u e s t i o n s  w h e n  s t u d e n t s  r e q u e s t  a d d i t i o n a l  i n f o r -
m a t i o n  t o  w h a t  h e  h a s  a l r e a d y  g i v e n ,  a s  i s  t h e  c a s e  i n  t h i s  d i a l o g .  A l t h o u g h  5 1  h a s  
a l r e a d y  c o m e  u p  w i t h  a n  a n s w e r ,  T A 2  a s k s  h i m  t o  d i s p l a y  k n o w l e d g e  a b o u t  t h e  e x p e r -
i m e n t  n e e d e d  f o r  u n d e r s t a n d i n g  t h e  a n s w e r .  O n c e  5 1  h a s  i n d i c a t e d  t h a t  h e  k n o w s  t h i s  
m u c h  ( l i n e  1 2 ) ,  T A 2  c o n t i n u e s  w i t h  t h e  e x p l a n a t i o n  a n d  e n d s  w i t h  a n o t h e r  d i s p l a y  
q u e s t i o n  ( l i n e s  1 9 - 2 0 ) ,  w h i c h  i s  e s s e n t i a l l y  a  r e p h r a s i n g  o f  5 1 ' s  r e f e r e n t i a l  q u e s t i o n  
i n  l i n e s  7 - 8 .  P e r h a p s  d u e  t o  t h e  l a t e  a r r i v a l  o f  5 1 ' s  l a b  p a r t n e r  d i v e r t i n g  a t t e n t i o n  
a w a y  f r o m  t h e  p r o b l e m  a t  h a n d ,  t h i s  p a r t i c u l a r  d i s p l a y  q u e s t i o n  i s  n e v e r  a n s w e r e d ,  
p u t t i n g  i t  i n  t h e  u n u s u a l  p o s i t i o n  o f  d i a l o g  f i n a l .  
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G e n e r a l  c o n c l u s i o n s  a b o u t  t h e  I T A s '  u s e  o f  q u e s t i o n s  c a n  b e  d r a w n  f r o m  t h e  
n u m b e r s  i n  t h e  t a b l e s ,  b u t  c l e a r  e x a m p l e s  a r e  h a r d e r  t o  f i n d  i n  t h e  d a t a  t h a n  t h e  
t a b l e s  i n d i c a t e .  T h e  i n t e r a c t i o n s  b e t w e e n  t h e  s t u d e n t s  a n d  t h e i r  I T A s  a r e  m a n y  
a n d  v a r i e d .  S o m e  o f  t h e  d i a l o g s  c o n t a i n i n g  e l e m e n t s  c o m m o n  t o  t h e  m a j o r i t y  o f  
i n t e r a c t i o n s  ( e . g . ,  s t u d e n t  r e f e r e n t i a l  q u e s t i o n s )  a l s o  h a v e  i n t e r e s t i n g  t w i s t s  w o r t h  
e x a m m m g .  
A n  e x c e r p t  f r o m  a  d i a l o g  b e t w e e n  T A 2  a n d  . t w o  o f  h i s  s t u d e n t s  c o n t a i n s  t h e  u s u a l  
r e f e r e n t i a l  a n d  d i s p l a y  q u e s t i o n s .  A l s o  i n c l u d e d  a r e  e x p a n s i o n s  o f  q u e s t i o n s  a n d  a  
s t u d e n t ' s  e x p r e s s i v e  q u e s t i o n  a t  t h e  e n d .  ( T A 2  s i d e  B  3 6 : 1 6 )  
S 2 :  T h a t ' s  a  w h o l e  c e n t i m e t e r  t h e r e .  
S ? :  T h e r e  w e  g o .  
S 2 :  N o w  d o  w e  m e a s u r e ?  T h e  d i s t a n c e  b e t w e e n  ' e m ?  
T A :  Y o u  h a v e  t o  f i n d  t h e  f o c a l  l e n g t h .  
S 2 :  O K  
S 1 :  [ S o ]  t h e  f o c a l  l e n g t h ' s  u r n  ( f l i p s  p a g e s )  O h  t h a t  s h o u l d  b e [  . . .  ]  
T A : T o  f i n d  f o c a l  l e n g t h ,  y o u  h a v e  t o  f o c u s  t h e  b e a m .  
S l :  O h ,  O K .  T h e n  t h a t ' d  b e  t h e - t o  t h e  c e n t e r  o f  t h e - t h e  l e n s ?  
T A : O K ,  w h a t  i s  d e f i n i t i o n  o f  f o c a l  l e n g t h ?  
S 1 :  T h a t ' s  t h e  p o i n t  a t  w h i c h  t h e  l i g h t  r a y s  c o n v e r g e .  
T A : O K ,  t h e n ,  c o n v e r g e ,  w h a t  k i n d  o f  r a y s ?  
S 1 :  P a r a l l e l  r a y s .  
T A : R i g h t .  
S 1 :  I n c o m i n g  p a r a l l e l  r a y s  w i l l  c o n v e r g e  a t  t h e  ! f o c a l  p o i n t . !  
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T A :  I O K  t h e n l  w h a t  a b o u t  d i v e r g i n g  l e n s ?  F o r  d i v e r g i n g  l e n s ,  [ y o u ] - 1 5  
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w h a t ' s  t h e  d e f i n i t i o n  a t  t h e  f o c a l  l e n g t h ?  
S 2 :  T h a t ' s  w h e r e  i t  r e a c h e s  i n f i n i t y ?  [  . . .  ]  
S 1 :  W e l l  t h e  f o c a l  l e n g t h  w o u l d  b e - f o r  d i v e r g i n g  l e n s - i f  t h i s  
w e r e  a  d i v e r g i n g  l e n s ,  t h e  f o c a l  l e n g t h  w o u l d  b e  b a c k  h e r e ,  
! w o u l d n ' t  i t ?  
T A : j Y e s ,  t h a t ' s  r i g h t .  B u t  h o w  d o  y o u  f i n d  i t ?  
S l :  B y .  b r i n g i n g  t h e  i n - c o n v e r g i n g ,  r a y s ,  a n d  w h e n  t h e y  g o  o u t  
p a r a l l e l , =  
S 2 :  Y e a h  
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S l :  =  a t  t h e  p o i n t  f r o m  c o n v e r g e n c e  t o  t h e  p o i n t  a t  w h i c h  t h e y  g o  2 5  
o u t  p a r a l l e l ,  t h a t  w o u l d  b e  t h e  f o c a l  l e n g t h .  
T A :  Y e s ,  t h a t ' s  r i g h t .  
S l :  S o  d o  I  w i n ? !  
( l a u g h t e r )  
T A : Y e a h  
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T h e  f i r s t  q u e s t i o n  i n  t h i s  e x c e r p t  i s  a  r e f e r e n t i a l  q u e s t i o n  b y  S 2  i m m e d i a t e l y  
f o l l o w e d  b y  a n  e x p a n s i o n  o f  i t  ( l i n e  3 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  T A 2 ' s  r e s p o n s e  
t o  S 2 ' s  y e s / n o  q u e s t i o n  i s  a  s t a t e m e n t  w h i c h  i m p l i e s  " n o . "  A s  t h e  d i a l o g  c o n t i n u e s ,  i t  
b e c o m e s  a p p a r e n t  t h e  s t u d e n t s  a r e  s t i l l  u n s u r e  o f  w h a t  t h e y  a r e  t r y i n g  t o  m e a s u r e .  I n  
l i n e  8 ,  S l  a s k s  a  r e f e r e n t i a l  q u e s t i o n ,  t o  w h i c h  T A 2  r e s p o n d s  n o t  w i t h  a  d i r e c t  a n s w e r  
b u t  w i t h  a  d i s p l a y  q u e s t i o n  ( l i n e  9 ) .  W h e n  S 1  g i v e s  a n  a n s w e r ,  T A 2  c o u n t e r s  w i t h  
a n o t h e r  d i s p l a y  q u e s t i o n  ( l i n e  1 1 )  a s k i n g  f o r  m o r e  s p e c i f i c  i n f o r m a t i o n .  S  1  g i v e s  t h e  
c o r r e c t  a n s w e r  a s  a f f i r m e d  b y  T A 2  a n d  e v e n  r e s t a t e s  i t  i n  a  c o m p l e t e  s e n t e n c e .  T A 2  
t h e n  a s k s  y e t  a n o t h e r  d i s p l a y  q u e s t i o n  ( l i n e  1 5 )  r e l a t e d  t o  t h e  c u r r e n t  t o p i c  b u t  w i t h  ·  
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a  d i f f e r e n t  e l e m e n t  ( d i v e r g i n g  l e n s  v e r s u s  c o n v e r g i n g  l e n s )  a n d  e x p a n d s  i t  t o  b e  m o r e  
s p e c i f i c .  B o t h  s t u d e n t s  r e s p o n d  t o  t h i s  d i s p l a y  q u e s t i o n  w i t h  r e f e r e n t i a l  q u e s t i o n s ,  
f i r s t  S 2  u s i n g  a  s t a t e m e n t  f o r m  w i t h  r i s i n g  i n t o n a t i o n  ( l i n e  1 7 )  a n d  s e c o n d  S l  m a k i n g  
a  s t a t e m e n t  w i t h  a  t a g  m a r k e r  a t  t h e  e n d  ( l i n e s  1 8 - 2 0 ) .  T A 2  a n s w e r s  S l  a f f i r m a t i v e l y ,  
o v e r l a p p i n g  t h e  t a g ,  a n d  a g a i n  a s k s  a  d i s p l a y  q u e s t i o n  ( l i n e  2 1 ,  p o s s i b l y  a  r e p h r a s i n g  
o f  l i n e  1 6 ) .  S l  t h e n  m a k e s  a n  a c c e p t a b l e  e x p l a n a t i o n  t o  w h i c h  T A 2  a g a i n  r e s p o n d s ,  
" Y e s ,  t h a t ' s  r i g h t , "  b u t  d o e s  n o t  f o l l o w  w i t h  a n o t h e r  d i s p l a y  q u e s t i o n .  S l ,  f e e l i n g  
c o m f o r t a b l e  e n o u g h  w i t h  T A 2  a n d  h i s  l a b  p a r t n e r s  t o  m a k e  a  j o k e ,  e x p r e s s e s  h u m o r  
i n  t h e  q u e s t i o n  " S o  d o  I  w i n ? ! "  
T A 2  c o m m e n t e d  a f t e r  t h e  l a b  c l a s s  w a s  o v e r  t h a t  h e  d i d  n o t  f e e l  h i s  E n g l i s h  
s p e a k i n g  a b i l i t y  w a s  g o o d  e n o u g h  f o r  j o k i n g  w i t h  h i s  s t u d e n t s .  H o w e v e r ,  f r o m  t h e  
e x c e r p t  a b o v e ,  w e  s e e  t h a t  a t  l e a s t  o n e  o f  h i s  s t u d e n t s  d i d  n o t  p e r c e i v e  T A 2 ' s  a b i l i t y  
i n  E n g l i s h  t o  b e  a  p r o b l e m  i n s o f a r  a s  u n d e r s t a n d i n g  h u m o r  w a s  c o n c e r n e d .  I t  i s  
r e a s o n a b l e  t o  b e l i e v e  t h a t  t h e  s t u d e n t s  h a d  a  f a i r  i d e a  o f  w h a t  t h e i r  I T A ' s  g e n e r a l  
l a n g u a g e  l e v e l  w a s  a t  t h e  t i m e  t h i s  c l a s s  w a s  o b s e r v e d  d u r i n g  t h e  t h i r t e e n t h  w e e k  o f  
t h e  s e m e s t e r .  
A  c o u n t e r  e x a m p l e  o f  s t u d e n t  h u m o r  f r o m  T A l ' s  l a b  c l a s s ,  i n c l u d i n g  a n  i n s t a n c e  
w h e n  T A l  a t t e m p t s  t o  m a k e  a  j o k e ,  s h o w s  h o w  t h e  d i a l o g  c a n  b e c o m e  a  d i s p u t e  w h e n  
o n e  s t u d e n t  p e r c e i v e s  t h e  j o k e  t o  b e  a t  h i s  e x p e n s e  a n d  s e e s  n o  h u m o r  i n  i t .  ( T A l  
s i d e  B  3 6 : 3 2 )  
T A :  Y o u  h a v e n ' t  l e a r n e d  i n  c l a s s ?  
( s h o r t  pa~se) 
S l :  U h - u h .  
S 2 :  H a v e  w e  l e a r n e d  t h a t  i n  c l a s s ?  
4 3  
S 3 :  Y e a h ,  i t ' s  1 . 4 .  
S 2 :  Y e a h ,  O K ,  t h a t ' s  w h a t  I  t h o u g h t ;  t h e r e  a r e  t w o  I  t i m e s  s i n e  4 5  . .  1  
S 1 :  ! Y e a h ,  t h a t ' s  w h a t  w e  t h o u g h t . !  
S 2 :  L i k e  I  s a i d !  
( T A  l a u g h s )  
S ? :  N o  [ o n e  . . .  ]  y o u .  
S 3 :  N o  I - n o  I ' m  t h e  o n e  w h o  f i g u r e d  i t  o u t  s o ,  
5  
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S 2 :  I  f i g u r e d  i t  o u t ;  h e  d o e s n ' t  k n o w  w h a t  h e ' s  d o i n ' !  H e  r e a l l y  ! [ d o e s n ' t ] .  
T A : ( l a u g h i n g )  ! W h a t ' s  y o u r  n a m e ;  I  w i l l - I  w i l l  t r y  t o  r e m e m b e r  
y o u r  n a m e  s o ,  ( l a u g h )  I  c a n  j u d g e  w h o  i s - ( l a u g h )  w h i c h  [ w i l l ]  
g e t  a  [ b e t t e r ]  s c o r e !  
S 3 :  H e y ,  I ' m  t h e  o n e  g e t t i n g  a n  A  i n  t h i s  c l a s s ,  s o  ! t h a t ' s  [ w h y ] -
S 2 :  I O h ,  a r e  y o u ?  
( l a u g h t e r )  
S 3 :  Y e a h .  
S 2 :  ( l a u g h i n g )  Y e a h ,  y e a h ,  y o u  a r e !  ! Y e a h ,  y o u ' r e !  n o t !  
S 3 :  I I  a m ! l  Y o u  w a n n a  w a l k  o u t  a n d  l o o k  a t  i t  o n  t h e  b o a r d  r i g h t  n o w ?  
I  w i l l  s h o w  i t  t o  y o u  o n  t h e  w a y  o u t .  
S 2 :  ( s t i l l  l a u g h i n g )  Y e a h ,  y o u ' r e  n o t .  
S 3 :  H o w  m u c h  d o  y o u  w a n n a  b e t ? ?  I  s w e a r  t o  G o d  I ' m  g e t t i n g  a n  A  
i n  t h i s  c o u r s e ,  s o  g e t  o f f  m y  b a c k .  
1 5  
2 0  
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T h i s  s e c t i o n  o f  t h e  d i a l o g  s t a r t s  s i m p l y  w i t h  t h e  I T A  a s k i n g  t h e  g r o u p  o f  s t u d e n t s  
a  r e f e r e n t i a l  q u e s t i o n  r e g a r d i n g  t h e  m e t h o d  o f  c a l c u l a t i n g  t h e  i n d e x  o f  r e f r a c t i o n  a s  
o n e  o v e r  t h e  s i n e  o f  t h e  c r i t i c a l  a n g l e ,  w h i c h  s u p p o s e d l y  w a s  p r e s e n t e d  i n  t h e i r  l e c t u r e  
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c l a s s .  T h e  r e s p o n s e s  v a r y  f r o m  a  n e g a t i v e  b y  S l  t o  a  p o s i t i v e  b y  S 3 ,  w i t h  S 2  r e s t a t i n g  
T A l ' s  q u e s t i o n  a s  a  r e f e r e n t i a l  q u e s t i o n  a g a i n ,  p e r h a p s  n o t  r e m e m b e r i n g  w h e t h e r  h e  
h a d  s e e n  i t  d o n e  b e f o r e  i n  c l a s s  o r  n o t .  T h e r e  i s  n o  s i g n  o f  a  p r o b l e m  u n t i l  t h e  
s t u d e n t s  s t a r t  d i s p u t i n g  w h o  " f i g u r e d  i t  o u t "  a n d  S 2  m a k e s  a  j o k e  t o  T A l .  a b o u t  
S 3  ( l i n e  1 2 ) .  T A l  c h o o s e s  t o  f o l l o w  w i t h  a  j o k e  w h i c h  f a v o r s  S 2  o v e r  S 3 ,  s t a r t i n g  
w i t h  a  r h e t o r i c a l  q u e s t i o n  ( l i n e  1 3 ) ,  b u t  h e  h a s  d i f f i c u l t y  c o m p l e t i n g  t h e  i d e a .  H i s  
o w n  l a u g h s  a n d  f a l s e  s t a r t s  s l o w  h i m  d o w n .  I n  a n y  c a s e ,  t h e  s t u d e n t s  d o  n o t  s h o w  
a n  a p p r e c i a t i o n  f o r  T A l ' s  a t t e m p t  a t  h u m o r  ( a b s e n c e  o f  l a u g h t e r ) ,  a n d  i n  f a c t ,  S 3  
b e g i n s  t o  g e t  d e f e n s i v e  ( l i n e  1 6 ) .  S 2  c o n t i n u e s  t o  p i c k  a t  S 3 ,  w h o  b e c o m e s  a n g r i e r ,  
a n d  T A l  d o e s  n o t  e n t e r  t h e  d i a l o g  a g a i n .  
O n e  c o u l d  a r g u e  t h a t  i t  i s  n o t  a n  I T A ' s  r e s p o n s i b i l i t y  t o  p l a y  r e f e r e e  o r  m e d i a t o r  
b e t w e e n  s t u d e n t s .  H o w e v e r ,  I T A s  c o u l d  b e  m a d e  a w a r e  o f  i n a p p r o p r i a t e  u s e s  o f  
h u m o r  s o  a s  n o t  t o  m a k e  o r  l a u g h  a t  j o k e s  w h i c h  m i g h t  t h r e a t e n  o r  p u t  a  s t u d e n t  
a t  a  d i s a d v a n t a g e  o r  u n f a v o r a b l y  c o m p a r e  s t u d e n t s .  A l s o ,  i n t e n t i o n a l  v e r b a l  h u m o r  
r e q u i r e s  t h e  r i g h t  c o m b i n a t i o n  o f  c o n t e n t ,  e x p r e s s i o n ,  a n d  t i m i n g .  T o o  s l o w  a . d e l i v e r y  
o r  a w k w a r d  p a u s i n g  c a n  c a u s e  a  j o k e  t o  " f a l l  f l a t . "  G e t t i n g  t h e  r i g h t  c o m b i n a t i o n  i s  
n o t  n e c e s s a r i l y  e a s y  f o r  n a t i v e  s p e a k e r s  o f  a  l a n g u a g e  m u c h  l e s s  n o n - n a t i v e  s p e a k e r s .  
T h a t  T A 2  f e l t  i n h i b i t e d  a b o u t  j o k i n g  w i t h  h i s  s t u d e n t s  i s  q u i t e  u n d e r s t a n d a b l e .  T h i s  
i s  n o t  t o  s a y  t h a t  T A l  s h o u l d  n o t  h a v e  t r i e d ;  h o w e v e r ,  h e  m i g h t  h a v e  b e e n  m o r e  
s u c c e s s f u l  h a d  h e  k e p t  h i s  j o k e  s h o r t  a n d  s i m p l e  a n d  n o t  d i r e c t e d  a t  a  s t u d e n t .  
I T A s  m a y  e n c o u n t e r  m a n y  s i t u a t i o n s  i n  t h e  l a b  c l a s s r o o m  b e s i d e s  s t u d e n t  h u m o r  
a n d  s t u d e n t  a n g e r .  O t h e r  p o s s i b i l i t i e s  i n c l u d e  s t u d e n t  m a n i p u l a t i o n  a n d  i m p a t i e n c e ,  
c h e a t i n g ,  a n d  d i s i n t e r e s t .  I n  a d d i t i o n ,  I T A s  m a y  h a v e  d i f f i c u i t y  w i t h  t h e  w a y s  t h e i r  
s t u d e n t s  a t t e m p t  t o  c o m m u n i c a t e  w i t h  t h e m :  u s i n g  i n f o r m a l  s p e e c h ;  a s k i n g  i n d i r e c t  
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q u e s t i o n s ,  p h r a s i n g  q u e s t i o n s  p o o r l y ,  n o t  w a i t i n g  f o r  o n e  q u e s t i o n  t o  b e  a n s w e r e d  
b e f o r e  a s k i n g  a n o t h e r ,  o r  o v e r l a p p i n g  o r  i n t e r r u p t i n g  o t h e r s '  s p e e c h .  I n t e r a c t i o n s  i n  
· t h e  l a b  c a n  b e  v e r y  c o m p l e x .  
T h e  t w o  I T A s  o b s e r v e d  f o r  t h i s  s t u d y  b o t h  c o n s i d e r e d  t h e i r  m a i n  j o b  i n  t h e  l a b  
c l a s s r o o m  t o  b e  a n s w e r i n g  s t u d e n t s '  q u e s t i o n s .  C o n s e q u e n t l y ,  w h e n  o n e  o f  T A 2 ' s  
s t u d e n t s  a s k s  a  q u e s t i o n  a b o u t  t h e  l a b  e a r l y  i n  t h e  p e r i o d ,  T A 2  d o e s  n o t  h e s i t a t e  t o  
g i v e  h i m  t h e  i n f o r m a t i o n .  ( T A 2  s i d e  A  1 2 : 2 8 )  .  
S 1 :  C a n  y o u  e x p l a i n  w h y  i t ' s  d o i n g  t h i s ?  T h e  r a y  e n t e r i n g  t h e  
b l o c k ,  r e f r a c t s ,  a w a y  f r o m  t h e  n o r m a l  t o  t h e  s u r f a c e .  
T A : W h a t  i s  y o u r  q u e s t i o n ?  
S 1 :  I  s - w e  s e e  w h y  i t  d o e s  t h a t  b u t  w h y - I  m e a n  w e  s e e  t h a t  i t  
d o e s  t h a t ,  b u t  w h y  d o e s  i t  d o  t h a t ?  
T A :  W h y - w h y  d o e s  i t  b e n d  t o w a r d  t h e  n o r m a l ?  
S 1 :  Y e a h .  
T A :  U h ,  t h a t ' s  b e c a u s e  o f  t h e  d i f f e r e n c e  o f  i n d e x  o f  r e f r a c t i o n =  
S 1 :  O K  
T A : =  b e t w e e n  a i r  a n d ,  
S 1 :  I s  t h a t  t h e  s a m e  t h i n g  f o r  w h y  t h i s  d o e s  t h a t  a w a y  f r o m  i t ?  
T A : Y e s ,  t h a t ' s  t h e  s a m e  r e a s o n  b u t ,  d e p e n d i n g  o n  f r o m  w h e r e  t o  
w h e r e  t h e  b e a m  g o e s ,  t h e r e ' s  a  c h a n g e  i n  a n g l e , =  
S 1 :  O K  
T A : =  d i r e c t i o n  o f  t h e  a n g l e .  
( S 1  w r i t e s  t h e  r e s p o n s e  d o w n  a s  t h e  a n s w e r  t o  a  q u e s t i o n  o n  t h e  l a b  
r e p o r t . )  
5  
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S l :  A l l  r i g h t .  
T A : S o  t o  b e n d  t o w a r d  t h e  n o r m a l  t o  t h e  s u r f a c e ,  d o e s  t h e  i n d e x  o f  
r e f r a c t i o n  s h o u l d  b e  g r e a t e r  t h a n  o n e ,  o r  s m a l l e r  t h a n  o n e ?  
( p a u s e )  
S l :  W h a t ' d  y o u  s a y ?  
T A : T o  b e n d  t o w a r d  t h e  n o r m a l  t o  t h e  s u r f a c e ,  u r n ,  i s  t h e  i n d e x  o f  
r e f : . : a c t i o n  o f  t h i s  p l a s t i c  ! s h o u l d - !  
S l :  l i s  g r e a t e r ,  i s n ' t  i t ?  
T A : G r e a t e r  t h a n  o n e ?  S h o u l d  i t  g r e a t e r  t h a n  o n e ?  
S l :  I s  t h a t  r i g h t  o r  n o t ?  ( c l a t t e r  f r o m  o b j e c t  d r o p p e d  o n  
.  n e i g h b o r i n g  t a b l e )  H u h ?  
T A :  Y e s ,  t h a t ' s  r i g h t .  
S l :  O K  
2 0  
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I n  t h i s  d i a l o g ,  S l  s e e m s  t o  u s e  T A 2  t o  g e t  t h e  i n f o r m a t i o n  h e  n e e d s  t o  f i l l  i n  t h e  
b l a n k  o n  h i s  l a b  r e p o r t .  W h e n  T A 2  a s k s  a  d i s p l a y  q u e s t i o n  ( l i n e s  1 9 - 2 0 )  t o  c h e c k  S l ' s  
u n d e r s t a n d i n g  o f  t h e  p r e v i o u s  s u b j e c t  m a t t e r ,  h e  i s  m e t  i n i t i a l l y  w i t h  s i l e n c e .  S l  d o e s  
r e s p o n d  e v e n t u a l l y  w i t h  a  c l a r i f i c a t i o n  r e q u e s t  ( l i n e  2 2 )  b u t  t h e n  i n t e r r u p t s  T A 2 ' s  
r e p h r a s i n g  ( l i n e s  2 3 - 2 4 ,  n o t  c o u n t e d )  o f  t h e  q u e s t i o n  w i t h  a  g u e s s  a t  t h e  a n s w e r  i n  
t h e  f o r m  o f  a  t a g  q u e s t i o n  ( l i n e  2 5 ) .  T A 2  m a k e s  a  c o n f i r m a t i o n  c h e c k  a n d  r e p e a t s  i t  
( l i n e  2 6 )  w i t h  a  s l i g h t  r e p h r a s i n g  b y  i n c l u d i n g  a  v e r b  a n d  s u b j e c t .  S l  r e s p o n d s  t h i s  
t i m e  w i t h  t h e  r e f e r e n t i a l  q u e s t i o n  " I s  t h a t  r i g h t  o r  n o t ? "  w h i c h  h i n t s  a t  i m p a t i e n c e .  
F r o m  T A 2 ' s  n o n v e r b a l  r e a c t i o n  a t  t h e  t i m e  ( u n f o r t u n a t e l y ,  t h e r e  w a s  n o  v i d e o  
c a m e r a  p r e s e n i  t o  r e c o r d  i t )  a n d  f r o m  h i s  c o m m e n t s  a f t e r  t h e  l a b ,  h e  f e l t  h e  h a d  
b e e n  m a n i p u l a t e d  a n d  w a s  a n g r y .  H o w  s h o u l d  a n  I T A  r e a c t  w h e n  h e  p e r c e i v e s  t h a t  a  
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s t u d e n t  i s  a s k i n g  q u e s t i o n s  s i m p l y  t o  f i l l  i n  t h e  r e q u i r e d  l a b  r e p o r t  b l a n k s  a n d  i s  n o t  
i n t e r e s t e d  i n  a n s w e r i n g  t h e  I T A ' s  q u e s t i o n s ?  I n  t h i s  c a s e ,  T A 2  r e s p o n d e d  a f f i r m a t i v e l y  
a n d  u n e m o t i o n a l l y  t o  5 1 ' s  r e f e r e n t i a l  q u e s t i o n  i n  l i n e  2 7  a n d  t h e n  m o v e d  o n .  
T h i s  k i n d  o f  s i t u a t i o n  w h e r e  i t  s e e m s  t h a t  t h e  I T A  i s  D O I N G  t h e  w o r k  f o r  
t h e  s t u d e n t  r a t h e r  t h a n  H E L P I N G  t h e  s t u d e n t  u n d e r s t a n d  t h e  w o r k  m i g h t  b e  a  
w o r t h w h i l e  t o p i c  o f  d i s c u s s i o n  b e t w e e n  I T A s  a n d  a d v i s o r s  o r  o t h e r  s u p p o r t i n g  f a c u l t y .  
W h e r e  d o e s  o n e  d r a w  t h e  l i n e  b e t w e e n  d o i n g  f o r  a n d  h e l p i n g  w i t h ,  a n d  h o w ?  
A n o t h e r  s i t u a t i o n  w h i c h  l a b  I T A s  m i g h t  e n c o u n t e r  i s  t h a t  o f  s t u d e n t  c h e a t i n g .  
C o n s i d e r  t h e  f o l l o w i n g  d i a l o g  i n  w h i c h  T A 2  s e e s  a  c o m p l e t e d  g r a p h  o n  t h e  l a b  t a b l e  
o f  t w o  s t u d e n t s  w h o  a p p a r e n t l y  h a v e  n o t  y e t  f i n i s h e d  t h e  c o r r e s p o n d i n g  p o r t i o n  o f  
t h e  l a b .  ( T A 2  s i d e  A  4 3 : 3 1 )  
T A :  D i d  y o u  d r a w  t h i s  g r a p h ?  ( p i c k s  i t  u p )  
5 1 :  N o .  
5 2 :  U h - u h .  N o p e .  
5 1 , 5 2 : ( s i m u l t a n e o u s l y )  W h y ,  i s  t h a t  r i g h t ?  ( l a u g h )  
5 2 :  W h a t  d i d  i t  g e t ?  
T A :  Y o u  h a v e  t o  d o  y o u r  o w n .  
5 2 :  W e l l ,  i t  m u s t  h a v e  b e e n  g o o d !  
( l a u g h )  
5  
H e r e  T A 2  i n i t i a l l y  a s k s  t h e  t w o  s t u d e n t s  a  q u e s t i o n  w h i c h  h a s  b e e n  c l a s s i f i e d  a s  
r e f e r e n t i a l  b e c a u s e  t h e  I T A  d i d  n o t  k n o w  a b s o l u t e l y  t h e  a n s w e r ,  a l t h o u g h  h e  p r o b a b l y  
h a d  a  s t r o n g  · S u s p i c i o n  a n d  w a n t e d  v e r i f i c a t i o n .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  T A 2  
d i d  n o t  a n s w e r  e i t h e r  o f  t h e  t w o  s t u d e n t  r e f e r e n t i a l . q u e s t i o n s ,  b u t  r a t h e r  i n s t r u c t e d  
5 1  a n d  5 2  t o  d o  t h e i r  o w n  w o r k .  P e r h a p s  t h e  s t u d e n t s  d i d  n o t  r e a l l y  e x p e c t  a n s w e r s  
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b u t  w e r e  r e a c t i n g  w i t h  h u m o r  t o  b e i n g  c a u g h t ,  i n  w h i c h  c a s e  t h e i r  q u e s t i o n s  m i g h t  
b e  m o r e  a p p r o p r i a t e l y  c l a s s i f i e d  a s  e x p r e s s i v e  o r  h u m o r o u s  r h e t o r i c a l .  A n y w a y ,  a s  
t h e  l a u g h t e r  i n d i c a t e s ,  t h e  s t u d e n t s  w e r e  g o o d - n a t u r e d  a b o u t  t h e  s i t u a t i o n ,  a n d  T A 2  
w a s  a b l e  t o  b e  f i r m  a n d  a l s o  g o o d - n a t u r e d .  ( H e  k e p t  t h e  g r a p h . )  
N o t  o n l y  m i g h t  I T A s  i n  l o w e r - l e v e l  l a b s  h a v e  t o  d e a l  w i t h  s t u d e n t s  w h o  m a n i p -
u l a t e  o r  u s e  o t h e r  s t u d e n t s '  w o r k  i n  o r d e r  t o  f i n i s h  t h e  l a b  a s  s o o n  a s  p o s s i b l e ,  b u t  
t h e y  a l s o  w i l l  p r o b a b l y  f i n d  m o r e  t h a n  o n e  d i s i n t e r e s t e d  s t u d e n t  w h o  w a n t s  o n l y  t o  
L E A V E  t h e  l a b  a s  s o o n  a s  p o s s i b l e ,  f i n i s h e d  o r  n o t .  T h e  w i s h  o f  t h e  s t u d e n t  t o  t o  b e  
e l s e w h e r e  i s  p e r h a p s  s t r o n g e r  o n  a  F r i d a y  a f t e r n o o n  t h a n  a t  a n y  o t h e r  t i m e  d u r i n g  .  
t h e  w e e k ,  p a r t i c u l a r l y  o n  a  n i c e  s p r i n g  d a y .  I n  t h e  d i a l o g  b e l o w ,  T A l  u s e s  q u e s t i o n s  
t o  c o a x  t w o  s t u d e n t s  i n t o  s t a y i n g  a n d  d o i n g  m o r e  w o r k  o n  t h e  e x p e r i m e n t .  ( T A l  s i d e  
B  1 2 : 3 9 )  
T A : [ ?  d o  t h e  w h o l e  p a r t . ]  
S l :  A w ,  d o  w e  h a v e  t o  d o  i t ?  
T A : Y e a h .  
S l :  W h y ?  
T A : Y e a h .  
S l :  W e  h a v e  t o  g o .  
T A : Y o u  h a v e  t o  g o ?  I t ' s ,  ( S l l a u g h s ,  k i n d  o f )  a  t w o  h o u r s  l a b  
( l a u g h i n g )  y o u  s e e ; =  
S l :  ! T w o  h o u r s ! !  
T A : =  ! t h e r e  a r e l  f o r t y  m i n u t e s  l e f t .  ! Y o u  s h o u l d  t r y . !  
S l :  W e l l ,  t h i s  l i s  p u n i s h m e n t  b e c a u s e  w e  g o t  d o n e  e a r l y . !  
S 2 :  ! N o b o d y  e l s e  i s  d o i n g - n o b o d y  e l s e  h a s  g o t i t e n  t h i s  f a r .  
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T A : N o .  T h e r e ' s  u h  s e v e r a l  g r o u p s  l a s t  s e m e s t e r  t h e y  c a n .  Y e a h  
b u t ,  a l l  t h o s e  p e o p l e  [  . . .  ]  t h e y  t r y  t o  f i n i s h  s o  t h e y ,  s t a y  u n t i l  
f i n i s h .  
( S l  s i g h s )  
T A : I t ' s  v e r y  i n t e r e s t i n g .  I f  y o u - i f  y o u  ( S l l a u g h s )  [  . . .  ] j u s t  
s e e  t h a t .  [  . . .  ]  s e t  [ i t ]  u p  a n d  s e e  w h a t  h a p p e n .  O K ?  
( p a u s e )  
1 5  .  
S 2 :  B u t - I  m e a n ,  i t  w a s  t h e  s a m e  t h i n g  t h a t  w a s  o n  t h e  s l i d e  s h o w .  2 0  
( l a u g h t e r )  
T A : [ C a n n o t ]  s e e  t h e  s l i d e  s h o w .  T h a t ' s  b y  y o u r s e l f  y o u  s e e  
( l a u g h i n g ) .  J u s t  l i k e  y o u  s e e  a  l o t  o f - y o u  s - w a t c h  a  l o t  o f  
m o v i e s ,  b u t  y o u  c a n  n e v e r  b e  a c t o r ,  r i g h t ?  N o w  y o u ' r e  a c t o r ,  
n o t  w a t c h i n g  m o v i e ,  t o t a l l y  d i f f e r e n t !  2 5  
S 2 :  W e l l  c a n  w e  d o  i t  w i t h o u t  w r i t i n g  s t u f f  d o w n ?  C a n  w e  j u s t -
5 1 :  I  m e a n  d o  w e -
T A : H m m .  
S l :  J [  . . .  J J  
T A : J Y e a h , J  t r y  y o u r  b e s t .  I  h o p e  y o u  c a n  w r i t e  t h i s  w h o l e  t h i n g  3 0  
d o w n  ( l a u g h i n g )  s t a r t  a n d  f i n i s h  a l l  p a r t  . .  
S 2 :  O K .  B u t  t h a t  m e a n s  w e  h a v e  t o  b e  h e r e  t i l l  s i x .  
T A : M h m .  
( p a u s e )  
A l t h o u g h  t h e  i n i t i a l  s t a t e m e n t  b y  T A l  i s  p a r t i a l l y  i n a u d i b l e ,  S l  ' s  s u b s e q u e n t  
a p p e a l  ( l i n e  2 )  n o t  t o  h a v e  t o  d o  t h e  r e s t  o f  t h e  l a b  i s  c o m p l e t e l y  c l e a r .  W h e n  
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t o l d  b y  T A l  " Y e a h "  t h e y  h a v e  t o  d o  a l l  o f  i t ,  S l  t h e n  r e s p o n d s  w i t h  t h e  d i s p u t a t i o u s  
q u e r y  " W h y ? "  F o r  w h a t e v e r  r e a s o n ,  T A l  a n s w e r s  w i t h  a  g r a m m a t i c a l l y  i n a p p r o p r i a t e  
r e p e t i t i o n  o f  h i s  p r e v i o u s  r e s p o n s e ,  " y e a h , "  w h i c h  h a s  t h e  s a m e  e f f e c t  a s  t h e  c o m m o n  
n o - a n s w e r r e s p o n s e  " b e c a u s e . "  I t  l e a d s  t h e  s t u d e n t  t o  a  d e a d  e n d .  S l  t h e n  t r i e s  a  n e w  
t a c t i c  ( l i n e  6 )  f o r  g e t t i n g  o u t  o f  l a b  e a r l y ,  w h i c h  l e a d s  T A l  t o  m a k e  a  c o n f i r m a t i o n  
c h e c k  ( l i n e  7 )  w i t h  a  n o t e  o f  s u r p r i s e  i n  i t .  T h e  r e m a i n d e r  o f  t h e  d i a l o g  c o n s i s t s  
o f  t h e  t w o  s t u d e n t s  t r y i n g  t o  p e r s u a d e  T A l  t h a t  t h e y  s h o u l d  n o t  h a v e  t o  f i n i s h  t h e  
r e s t  o f  t h e  l a b  w h i l e  T A l  t r i e s  t o  c o n v i n c e  t h e m  t h a t  i t  i s  w o r t h  t h e i r  w h i l e  t o  s t a y  
a n d  c o m p l e t e  a s  m u c h  o f  t h e  l a b  a s  p o s s i b l e .  I n  l i n e  1 8 ,  T A l  u s e s  t h e  t a g  " O K "  
a s  a  d i r e c t i v e  w i t h  t h e  i m p r e s s i o n  o f  a n  a p p e a l .  H e  u s e s  a  t a g  a g a i n  ( l i n e  2 4 )  i n  a  
r h e t o r i c a l  q u e s t i o n  i n  a n  e f f o r t  t o  c o n v i n c e  t h e  s t u d e n t s  t h a t  i t  i s  t o  t h e i r  a d v a n t a g e  
t o  d o  t h e  r e s t  o f  t h e  l a b .  S 2 ,  w h i l e  g i v i n g  w a y ,  m a k e s  o n e  m o r e  a p p e a l  ( l i n e  2 6 )  t o  
s h o r t e n  t h e  p r o c e s s  a n d  t h u s  t h e  n e c e s s a r y  t i m e  t o  f i n i s h  t h e  l a b ,  b u t  T A l  h o l d s  f i r m .  
T h e  I T A  i n  t h e  l a b o r a t o r y  m a y  e n c o u n t e r  n o t  o n l y  m a n y  d i f f e r e n t  s t u d e n t  a t -
t i t u d e s  a n d  b e h a v i o r s ,  b u t  a l s o  a  w i d e  v a r i e t y  o f  v e r b a l  c o m m u n i c a t i o n  t e c h n i q u e s .  
N o t  a l l  t e c h n i q u e s  a r e  h e l p f u l .  S o m e  t h a t  m a y  c a u s e  d i f f i c u l t y  f o r  t h e  I T A  a r e  i n -
f o r m a l  s p e e c h ,  i n t e r r u p t i o n s  o r  o v e r l a p p i n g  o f  s p e e c h ,  m u l t i p l e - q u e s t i o n  u t t e r a n c e s ,  
i n d i r e c t  q u e s t i o n s ,  a n d  s i m p l y  p o o r l y  p h r a s e d  q u e s t i o n s .  
P a r t  o f  i n f o r m a l  s p e e c h  i s  t h e  u s e  o f  i d i o m s .  F o r  s o m e  r e a s o n ,  m a n y  i d i o m a t i c  
e x p r e s s i o n s  i n  A m e r i c a n  E n g l i s h  a r e  t a k e n  f r o m  s p o r t s ,  e s p e c i a l l y  b a s e b a l l .  S u c h  i s  
t h e  c a s e  w i t h  t h e  f o l l o w i n g  e x a m p l e  f r o m  T A 2 ' s  l a b ,  i n  w h i c h  a  s t u d e n t  i n i t i a t e s  a  
d i a l o g  w i t h  t h e  q u e s t i o n :  " [ A r e  w e ]  i n  t h e  b a l l p a r k  h e r e ? "  ( T A 2  s i d e  A  4 4 : 2 7 )  
P h r a s a l  v e r b s ,  w h i c h  a r e  v e r b s  f o l l o w e d  b y  o n e  o r  m o r e  p r e p o s i t i o n  u s u a l l y  n e c -
e s s a r y  t o  g i v e  t h e  v e r b s  t h e i r  n e w  m e a n i n g ,  a r e  a l s o  v e r y  c o m m o n  i n  · i n f o r m a l  s p e e c h .  
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T h e y  m i g h t  c a u s e  s o m e  p r o b l e m s  f o r  I T A s  m o r e  f a m i l i a r  w i t h  t e x t b o o k  E n g l i s h .  T h e  
e x c e r p t  b e l o w  i s  a n  e x a m p l e  o f  a  s t u d e n t  i n i t i a t i n g  a  d i a l o g  w i t h  a  r e f e r e n t i a l  q u e s t i o n  
i n c l u d i n g  t h e  p h r a s a l  v e r b  " m a t c h  u p  w i t h . "  ( T h e  d i a l o g  t a k e s  p l a c e  d u r i n g  a  p a u s e  
i n  t h e  m i d d l e  o f  a n o t h e r  d i a l o g . )  ( T A 2  s i d e  B  1 8 : 3 1 )  
S 3 :  I s  t h e  f o c a l  l e n g t h  s u p p o s e d  t o  m a t c h  u p  w i t h  t h e  n u m b e r  [ o n ]  
t h e  l e n s ?  
T A : M a t c h ?  
S 3 :  I s  i t  s u p p o s e d  t o  b e  t h e  s a m e ?  I f  i t ' s  a  f i v e  c e n t i m e t e r s ,  i s  
i t  s u p p o s e d  t o  b e  f i v e  c e n t i m e t e r s  a p a r t ?  
T A : Y e s .  
S 3 :  O K .  
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F o r t u n a t e l y ,  w h e n  T A 2  s h o w s  b y  h i s  c l a r i f i c a t i o n  r e q u e s t  t h a t  h e  i s  u n f a m i l i a r  
w i t h  t h e  v e r b ,  S 3  i s  e a s i l y  a b l e  t o  r e p h r a s e  t h e  q u e s t i o n ,  f i r s t  i n  a  g e n e r a l  s e n s e  a n d  
t h e n  s p e c i f i c a l l y  w i t h  a n  e x a m p l e .  
U s e  o f  w o r d s  f i g u r a t i v e l y  m i g h t  a l s o  b e  t r o u b l e s o m e  f o r  I T A s  w i t h  a  l o w e r  l e v e l  
o f  E n g l i s h .  ( T A l  s i d e  B  2 4 : 0 3 )  
S l :  T h i s  i s  p r e t t y  f u n ,  i s n ' t  i t !  
T A : Y o u  t h i n k  s o ?  ( l a u g h s )  I  s a w  y o u ' r e  w a i t i n g  h e r e .  
( p a u s e )  
S 2 :  [ W e l l ]  w e ' r e  s t u c k  r i g h t  h e r e .  
T A : S t u c k ,  u h - h u h .  
S l :  O h .  Y o u  j u s t  u s e  S n e l l ' s  L a w .  
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I n  t h i s  e x a m p l e ,  T A l  p r o v i d e s  a n  i n v i t a t i o n  ( l i n e  2 )  f o r  t h e  s t u d e n t s  t o  a s k  f o r  
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h e l p ,  w h i c h  a f t e r  a  p a u s e ,  S 2  d o e s ,  i n d i c a t i n g  w h e r e  t h e y  a r e  h a v i n g  p r o b l e m s .  H e  
u s e s  t h e  w o r d  " s t u c k "  f i g u r a t i v e l y ,  w h i c h  T A l  r e p e a t s  a n d  f o l l o w s  w i t h  " u h - h u h . "  
W h e t h e r  t h i s  i s  a n  i n d i c a t i o n  t h a t  T A l  u n d e r s t a n d s  o r  n o t  i s  u n k n o w n  a s  h e  d o e s  
n o t  i m m e d i a t e l y  s t a r t  t o  e x p l a i n  t o  t h e  s t u d e n t s  n o r  d o e s  h e  a s k  f o r  c l a r i f i c a t i o n  
b e f o r e  S l  p r o p o s e s  a  s o l u t i o n .  
A n o t h e r  c o m m o n  o c c u r r e n c e  i n  i n f o r m a l  s p e e c h  i s  i n t e r r u p t i n g  o r  o v e r l a p p i n g .  
C o m p a r e d  t o  ' a  r e c i t a t i o n  c l a s s ,  a  l a b  c l a s s  o f f e r s  a  g o o d  a t m o s p h e r e  f o r  s e v e r a l  p e o p l e  
t o  t a l k  a t  o n c e .  T h i s  c a n  b e  r a t h e r  c o n f u s i n g ,  a l t h o u g h  n o t  n e c e s s a r i l y  i m p o s s i b l e  
f o r  c o m p r e h e n s i o n .  T A l  a n d  t w o  o f  h i s  s t u d e n t s  m a n a g e d  t o  c a r r y  o n  a  c o n v e r s a t i o n  
i n  s p i t e  o f  m u l t i p l e  i n t e r r u p t i o n s  a n d  o v e r l a p s  i n  t h e  f o l l o w i n g  e x c e r p t .  ( T A l  s i d e  B  
1 8 : 0 5 )  
S l :  . . .  B u t  t h e  f a c t  t h a t  t h e s e  a r e  a l m o s t  1 . 5  a n d  t h e s e  a r e  j u s t  
a b o u t  1 . 4 ,  i s  t h e r e ,  l i k e  [ d i f f e r e n c e ] ?  I s  t h a t - i s n ' t  i t -
T A : T h a t  ' s  e r r o r .  B e c a u s e  t h i s  i s  e x p e r i m e n t  / a n d  n o t - j  y e a h .  
j l ( t ) - i t ' s - /  y e a h ,  t h a t ' s  n o  p r o b l e m .  
S 2 :  j O h  i t ' s  j u s t - o h , O K .  W e l l  t h a t ' s  n o  p r o b l e m  t h e n .  W e  c a n j  5  
h a n d l e  j t h a t . j  
S l :  j A i l  r i g h t .  [  . . .  J j  
T A : j Y o u j  c a n n o t  g e t  e x a c t l y ,  b e c a u s e  t h e o r e t i c a l  i s  e x a c t  b u t  i t -
i f  y o u ' r e  d o i n g  e x p e r i m e n t , =  
S 2 :  U h - h u h  
T A : =  i t ' s .  m a c h i n e  a n d  j t h e n  y o u  g o t  h u m a n  e r r o r s ,  s o , j  y e a h .  
S 2 :  j O h ,  O K .  S o  i t - j  O K .  
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A l l  t h r e e  i n t e r r u p t  a n d  o v e r l a p  e a c h  o t h e r s '  s p e e c h ,  b u t  t h e y  d o  i t  i n  s u c h  a  w a y  
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t h a t  i n  t h i s  c a s e  o n l y  t w o  o f  t h e  t h r e e  a r e  a c t u a l l y  t a l k i n g  a t  t h e  s a m e  t i m e  ( e . g . ,  
w h i l e  T A l  i s  s a y i n g  " a n d  n o t - , "  S 2  i s  s a y i n g  " O h  i t ' s  j u s t , "  a n d  S l  i s  m o m e n t a r i l y  
s i l e n t ) .  
I n  a n o t h e r  c o n v e r s a t i o n ,  t w o  s t u d e n t s  r e s p o n d  t o  a  d i s p l a y  q u e s t i o n  a s k e d  b y  
T A 2 .  F r o m  h i s  r e s p o n s e ,  o n e  c a n n o t  d e t e r m i n e  w h e t h e r  o n l y  o n e  o r  b o t h  s t u d e n t s  
w e r e  h e a r d  a n d  a n s w e r e d .  ( T A 2  s i d e  B  4 3 : 4 1 )  
T A : W h a t  i s  a n g l e  o f  r e f r a c t i o n ?  
S l :  l i t ' s  f r o m  t h e  n o r m a l ,  r i g h t ? l  
S 2 :  I  A n g l e  o f  r e f r a c t i o n ?  I  
T A : Y e s .  
T A 2 ' s  " y e s "  i s  a n  e q u a l l y  a p p r o p r i a t e  ~esponse t o  S l  ' s  r e f e r e n t i a l  q u e s t i o n  a n d  t o  
S 2 ' s  c o n f i r m a t i o n  c h e c k .  L a t e r  i n  t h e  s a m e  d i a l o g ,  T A 2  a n d  t w o  o f  t h e  t h r e e  s t u d e n t s  
a g a i n  o v e r l a p .  
T A : T h a t  s o u n d s  r i g h t ,  b u t  I  d o n ' t  l k n o w  h o w  y o u  g e t  i t . l  
S l :  I H e h - h e h - h e h ! l  I  d o .  
T A : B y  t h e  w a y ,  l w h y  i s  t h a t l  t h e  l a n g l e l  o f  r e f r a c t i o n ?  
S 3 :  I H o w  d o  y o u  g e t  i t ? l  
S l :  I W e  t o o k - 1  t h e  a n g l e  o f  r e f r a c t i o n  w o u l d  b e  9 0  d e g r e e s , =  
T A : R i g h t .  
S 3 :  I O h  t h a t ' s  r i g h t . !  
S l :  =  l a n d  t h e  a n g l e - 1  a n d  t h e  o t h e r  a n g l e ' s  w h a t  4 5  d e g r e e s ,  s o  
y o u  t a k e  9 0  b y  4 5  a n d ,  y o u  g e t  o n e - o h - o n e  p o i n t  f o u r .  
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H a v i n g  r e c e i v e d  t h e  c o r r e c t  a n s w e r  t o  h i s  p r e v i o u s  q u e s t i o n  ( " W h a t  i s  a n g l e  o f  
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r e f r a c t i o n ? " ) ,  T A 2  i n d i c a t e s  t h a t  i t  s e e m s  r i g h t ,  b u t  h e  d o e s  n o t  u n d e r s t a n d  S 1 ' s  
m e t h o d  o f  o b t a i n i n g  i t .  S 1  d o e s  n o t  c o n s i d e r  T A 2 ' s  s t a t e m e n t  t o  b e  a n  i n d i r e c t  
q u e s t i o n  a n d  d o e s  n o t  e x p l a i n  t h e  s t e p s  o f  s o l v i n g  t h e  p r o b l e m  u n t i l  a f t e r  T A 2  a s k s  
t h e  d i s p l a y  q u e s t i o n  ( l i n e  3 )  r e q u e s t i n g  a n  e x p l a n a t i o n  o f  w h y  S  1  ' s  a n s w e r  i s  t h e  a n g l e  
o f  r e f r a c t i o n .  M e a n w h i l e ,  S 3  a s k s  t h e  q u e s t i o n  " H o w  d o  y o u  g e t  i t ? "  p r o b a b l y  a s  a  
r e f e r e n t i a l  q u e s t i o n  t o  S 1  b u t  p o s s i b l y  a s  a  c o n f i r m a t i o n  c h e c k  t o  T A 2 ' s  s t a t e m e n t  
i n  l i n e  1 .  M o r e  o v e r l a p s  o c c u r  a s  S 1  m a k e s  h i s  e x p l a n a t i o n ,  f i r s t  i n t e r r u p t i n g  T A 2 ' s  
q u e s t i o n  a n d  t h e n  b e i n g  i n t e r r u p t e d  b y  S 3 ' s  c o m m e n t  ( l i n e  7 ) .  
T h e r e  h a s  b e e n  s o m e  d i s c u s s i o n  t h a t  m u l t i p l e  q u e s t i o n s  m a d e  b y  t e a c h e r s  i n  
t h e  c l a s s r o o m  i n  a n  a t t e m p t  t o  c l a r i f y  t h e  f i r s t  q u e s t i o n  i n  a n  u t t e r a n c e  m a y  a c t u a l l y  
o v e r s i m p l i f y  t h e  o r i g i n a l  q u e s t i o n  o r  c o n f u s e  t h e  s t u d e n t s  a s  t o  w h a t  t h e y  a r e  e x p e c t e d  
t o  a n s w e r  ( B o n n s t e t t e r ,  1 9 8 8 ,  a n d  A n d r e w s , 1 9 8 0 ) .  W h e t h e r  t h e y  c l a r i f y  o r  c o n f u s e ,  
a  b a r a g e  o f  q u e s t i o n s  c a n  b e  e x p e c t e d  b y  t h e  l a b  I T A  f r o m  s t u d e n t s  w h o s e  w a i t  t i m e  
i s  n o t  a s  l o n g  a s  t h e  t i m e  n e e d e d  f o r  t h e  I T A  t o  f o r m  a  r e s p o n s e .  T h e  s a m p l e  b e l o w  
i s  a  t h r e e - q u e s t i o n  u t t e r a n c e  i n i t i a t i n g  a  c o n v e r s a t i o n  b e t w e e n  a  s t u d e n t  a n d  T A 2 .  
( T A 2  s i d e  B  1 : 0 3 )  
S 1 :  C a n  y o u  h e l p  u s ,  d o e s  t h i s  n e e d  t o  b e  o u t  h e r e ?  W e  h a v e  t o  
t a k e  t h i s  o u t ,  d o n ' t  w e .  
T A :  Y o u  h a v e  t o  t a k e  i t  o u t .  
S 2 :  T h a t ' s  w h a t  w e  w a n t e d  t o  k n o w  . . . .  
S 1  ' s  f i r s t  q u e s t i o n  i s  a  d i r e c t i v e  i n  a  s i m p l e  y e s / n o  f o r m .  H i s  s e c o n d  i s  a  r e f e r e n t i a l  
q u e s t i o n  a l s o  i n  a  s i m p l e  y e s / n o  f o r m .  T h e  t h i r d  q u e s t i o n  r e p h r a s e s  t h e  s e c o n d  u s i n g  
a  t a g  f o r m .  T A 2  a n s w e r s  t h e  t h i r d  q u e s t i o n .  
I n d i r e c t  q u e s t i o n s  c o m e  i n  t h e  f o r m  o f  a  s t a t e m e n t ,  w i t h  o r  w i t h o u t  a  W H  
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q u e s t i o n  m a r k e r  ( e . g . ,  w h a t ,  w h y )  a n d  e x p e c t i n g  a n  a n s w e r  t o  f o l l o w  a s  i n  o t h e r  
q u e s t i o n - a n s w e r  a d j a c e n c y  p a i r s .  B e c a u s e  i n d i r e c t  q u e s t i o n s - w h e t h e r  d e c l a r a t i v e  
( w i t h  a  Q - m a r k e r )  o r  h i d d e n  ( w i t h o u t  a  Q - m a r k e r ) - h a v e  t h e  g r a m m a t i c a l  f o r m  
a n d  i n t o n a t i o n  o f  a  s t a t e m e n t ,  t h e y  m a y  b e  d i f f i c u l t  f o r  I T  A s  t o  r e c o g n i z e .  H o w e v e r ,  
s t u d e n t s  c o m m o n l y  u s e  t h e m  t o  r e q u e s t  i n f o r m a t i o n ,  s o  a  l o o k  a t  s o m e  t y p i c a l  i n d i r e c t  
q u e s t i o n s  m i g h t  b e  h e l p f u l .  
A  g o o d  i n d i c a t i o n  t h a t  a  s t u d e n t  i s  a s k i n g  a n  i n d i r e c t  q u e s t i o n  i s  w h e n  h e  o r  
s h e  b e g i n s  a  s t a t e m e n t  w i t h  t h e  w o r d s  " I / w e  d o n ' t  u n d e r s t a n d  . . .  "  o r  " I / w e  d o n ' t  
k n o w  . . .  "  o f t e n  f o l l o w e d  b y  a  Q - m a r k e r  s u c h  a s  " w h a t . "  T h e  f o l l o w i n g  e x c e r p t  f r o m  
T A l ' s  c l a s s  i s  i n i t i a t e d  b y  S l  w i t h  a  r e f e r e n t i a l  d e c l a r a t i v e  q u e s t i o n .  ( T A l  s i d e  B  
1 9 : 3 8 )  
S l :  W e  d o n ' t  u n d e r s t a n d  w h y  t h e r e ' s  n o  r e l a t i o n .  I  m e a n ,  y o u  s a i d  
t h e r e  w a s  n o  r e l a t i o n  b e t w e e n  t h e t a  o n e  a n d  t h e t a  t w o ?  ( s h o r t  
p a u s e )  D i d n ' t  y o u  t e l l  m e  t h a t ?  
T A :  Y e a h ,  t h e r e ' s  n o  r e l a t i o n  b e t w e e n  t h e t a  o n e  a n d  t h e t a  t w o .  
S l :  B u t  w h y - I  m e a n ,  i t  s a y s , - i t  s a y s  e x p l a i n  w h y - I  d o n ' t  
u n d e r s t a n d  w h y  i t ' s  n o t .  
5  
I n s t e a d  o f  f o r m i n g  a  s i m p l e  W H  q u e s t i o n  s u c h  a s  " W h y  i s  t h e r e  n o  r e l a t i o n ? " ,  
S l  c h o o s e s  t o  , s t a r t  w i t h  t h e  i n d i r e c t  q u e s t i o n  i n d i c a t o r  " W e  d o n ' t  u n d e r s t a n d "  a n d  
f o l l o w  i t  w i t h  t h e  u n i n v e r t e d  f o r m  o f  t h e  p r e v i o u s  W H  q u e s t i o n  "  . . .  w h y  t h e r e ' s  n o  
r e l a t i o n . "  W i t h  t h e  n e x t  q u e s t i o n ,  h e  i s  s i m u l t a n e o u s l y  a s k i n g  f o r  c l a r i f i c a t i o n  o f  a  
s t a t e m e n t  m a d e  b y  T A l  p r i o r  t o  t h i s  c o n v e r s a t i o n  a n d  r e p h r a s i n g  t h e  d e c l a r a t i v e  
q u e s t i o n  b y  e x p a n d i n g  i t  ( c o u n t e d  a s  c l a r i f i c a t i o n ) .  A f t e r  a  s h o r t  p a u s e ,  h e  a s k s  f o r  
v e r i f i c a t i o n .  T A l  v e r i f i e s  t h e  s t a t e m e n t  t h a t  t h e r e  i s  n o  r e l a t i o n  b e t w e e n  t h e t a  o n e  
- ~-~-~-----------------~ 
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a n d  t h e t a  t w o ,  b u t  h e  d o e s  n o t  c o n t i n u e  w i t h  a n  e x p l a n a t i o n  o f  w h y .  C o n s e q u e n t l y ,  
a f t e r  a  f e w  f a l s e  s t a r t s ,  S 1  r e p e a t s  t h e  d e c l a r a t i v e  q u e s t i o n ,  s l i g h t l y  r e p h r a s e d .  
I n  T A 2 ' s  c l a s s ,  a  s t u d e n t  u s e s  t h e  s i m i l a r  i n d i r e c t  q u e s t i o n  i n d i c a t o r  " I  d o n ' t  
k n o w "  t o  r e q u e s t  c l a r i f i c a t i o n  o f  T A 2 ' s  p r e v i o u s  s t a t e m e n t .  ( T A 2  s i d e  B  2 : 1 0 )  
T A :  Y e a h .  A n y w a y ,  w h a t  y o u  h a v e  t o  d o  i s  m a k e  p a r a l l e l  l i g h t .  A n d  
t h e n ,  t h e  p a r a l l e l  l i g h t  s h o u l d  c o m e  t h r o u g h  t h i s  l e n s ,  a n d  t h e n  
t h e y  h a v e  t o  f o c u s .  T h e n  t h a t ' s  f o c a l  l e n g t h .  I f  t h e y ' r e  w e l l  
f o c u s e d .  B u t  t h i s  i s  n o t  p a r a l l e l  l i g h t ,  s o  y o u  h a v e  t o  m a k e  i t  
p a r a l l e l .  5  
S 1 :  P a r a l l e l .  I  d o n ' t - I  d o n ' t  k n o w ,  w h a t ,  y o u  m e a n .  
( p a u s e )  
I n  t h i s  c a s e ,  t h e  d e c l a r a t i v e  q u e s t i o n  " I  d o n ' t  k n o w  w h a t  y o u  m e a n "  g o e s  u n a n -
s w e r e d  f o r  q u i t e  s o m e  t i m e ,  b u t  T A 2  r e a l i z e s  t h a t  a  m o r e  e x t e n s i v e  e x p l a n a t i o n  o f  
f o c a l  l e n g t h ,  i n c l u d i n g  t h e  n e c e s s i t y  o f  p a r a l l e l  l i g h t  e n t e r i n g  t h e  l e n s ,  i s  r e q u i r e d .  
E v e n t u a l l y  t h e  s t u d e n t s  u n d e r s t a n d .  
· A l t h o u g h  t h e  k e y  t e r m s  " d o n ' t  u n d e r s t a n d "  a n d  " d o n ' t  k n o w "  a r e  g o o d  i n d i c a -
t o r s  o f  i n d i r e c t  q u e s t i o n s ,  t h e y  a r e  n o t  t h e  o n l y  o n e s .  S o m e t i m e s  a n  i n d i r e c t  q u e s t i o n  
h a s  n e i t h e r  a  k e y  t e r m  s u c h  a s  t h o s e  a b o v e .  n o r  a n  e m b e d d e d  q u e s t i o n  m a r k e r  t o  
i n d i c a t e  t h a t  i n f o r m a t i o n  i s  r e q u e s t e d .  I n  t h e  s h o r t  d i a l o g  b e l o w ,  t h e  b e s t  c l u e  t h a t  
a  h i d d e n  q u e s t i o n  i s  b e i n g  a s k e d  m a y  b e  t h a t  t h e  stat~ment m a d e  b y  t h e  s t u d e n t  
i n i t i a t e s  t h e  c o n v e r s a t i o n .  ( T A 2  s i d e  B  2 1 : 0 3 )  
S 1 :  W e  r e v e r s e  t h e s e ,  a n d  t h e n  w e  s h o u l d  g e t  t h e  r i g h t  i n d e x  o f  
r e f r a c t i o n .  
- - - - - - - - - - - - -
T A : Y e s .  
S l :  O K .  
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T h i s  t y p e  o f  h i d d e n  q u e s t i o n  g i v e s  t h e  i m p r e s s i o n  t h a t  S  1  i s  r e a l l y  l o o k i n g  f o r  
r e a s s u r a n c e  t h a t  h e  k n o w s  w h a t  h e  i s  d o i n g  r a t h e r  t h a n  f o r  u n k n o w n  i n f o r m a t i o n .  
H o w e v e r ,  h a d  S l  n o t  b e e n  c o r r e c t  i n  h i s  s t a t e m e n t  t o  w h i c h  T A 2  w o u l d  h a v e  t h e n  r e -
s p o n d e d  ~'no," T A 2  w o u l d  h a v e  b e e n  e x p e c t e d  t o  s u p p l y  t h e  c o r r e c t  i d e a  a n d  p o s s i b l y  
a n  e x p l a n a t i o n  f o r  w h y  o n e  i s  r i g h t  a n d  t h e  o t h e r  w r o n g .  
W h i l e  i n d i r e c t ,  e s p e c i a l l y  h i d d e n ,  q u e s t i o n s  m a y  b e  a  p r o b l e m  f o r  I T A s  b e c a u s e  
o f  t h e i r  m i s l e a d i n g  f o r m  a n d  i n t o n a t i o n ,  o t h e r  q u e s t i o n s  m a y  b e  d i f f i c u l t  t o  a n s w e r  
b e c a u s e  t h e y  a r e  p o o r l y  p h r a s e d .  ( T A l  s i d e  B  2 0 : 3 3 )  
S l :  H e y  u r n ,  w e  m e a s u r e  p r e t t y  m u c h  f r o m  t h e  m i d d l e ,  r i g h t ?  
T A : M h m .  F r o m  m i d d l e ,  y e a h .  ( p a u s e )  W h a t ' s  t h i s ?  M i n u s  2 0 .  
( p a u s e )  
S l :  S o  d o  I  w a n n a  l i k e ,  f i g u r e  o u t  h o w  m u c h - h o w - t h e  s p a c i n g  
b e t w e e n  h e r e  a n d  [ t h e n ] ,  t h e  s p a c i n g  n o w ?  O r  s o m e t h i n g ?  5  
T A : H o w  y o u  g o t  i t  t h i s  w a y ?  Y o u  j u s t  [ a d d ?  h a v e ? ]  t h i s  o n  f o c a l ,  
r i g h t ?  
( p a u s e )  
T h e  q u e s t i o n  i n i t i a t i n g  t h e  d i a l o g  i s  p r e t t y  s t r a i g h t f o r w a r d ;  h o w e v e r ,  S  1  ' s  s e c o n d  
u t t e r a n c e  i s  a  l i t t l e  m o r e  c o m p l i c a t e d .  T h e  l a n g u a g e  i s  i n f o r m a l  ( a s  w a s  t h e  f i r s t  
q u e s t i o n ) ,  t h e r e  a r e  a  c o u p l e  o f  f a l s e  s t a r t s ,  t h e  w o r d i n g  i s  s o m e w h a t  c o n f u s i n g ,  a n d  
t h e  w h o l e  q u e s t i o n  t a k e s  t h e  f o r m  o f  a n  o p e n - e n d e d  " s p e c i f i e d "  a l t e r n a t i v e  b e c a u s e  
o f  t h e  f i n a l  a d d i t i o n  o f  " O r  s o m e t h i n g ? "  
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I n s t e a d  o f  a n s w e r i n g  S l  ' s  q u e s t i o n ,  T A l  a s k s  a  r h e t o r i c a l  q u e s t i o n  r e g a r d i n g  t h e  
w a y  t h e  e q u i p m e n t  i s  s e t  u p  t o  p r o d u c e  t h e  c u r r e n t  r e s u l t s  i n  q u e s t i o n .  H e  t h e n  
f o l l o w s  i m m e d i a t e l y  w i t h  t h e  a n s w e r  i n  t h e  f o r m  o f  a  c o m p r e h e n s i o n  c h e c k .  A f t e r  t h e  
p a u s e ,  S l  a s k s  f o r  c l a r i f i c a t i o n ,  w h i c h  l e a d s  T A l  a n d  b o t h  s t u d e n t s  a t  t h e  t a b l e i n t o  a  
l o n g  e x p l a n a t i o n  o f  w h a t  i t  i s  t h e y  a r e  t r y i n g  t o  d o  w i t h  t h i s  p a r t  o f  t h e  e x p e r i m e n t .  
A  q u e s t i o n  m a y  b e  p o o r l y  p h r a s e d  i f  i t  i n i t i a t e s  a  d i a l o g  w i t h o u t  a  f r a m e  o f  
r e f e r e n c e  t o  p r o v i d e  t h e  c o n t e x t .  I n  t h e  f o l l o w i n g  e x c e r p t  f r o m  T A 2 ' s  l a b ,  a  s t u d e n t  
a s k s  a  g e n e r a l  r e f e r e n t i a l  q u e s t i o n  i n  t h e  f o r m  o f  a  W H - e m b e d d e d  y e s / n o  a n d  t h e n  
m a k e s  a  s t a t e m e n t  a b o u t  t h e  p r o b l e m  w h i c h  p r o v i d e s  a  c o n t e x t  f o r  t h e  q u e s t i o n  
a l r e a d y  a s k e d .  ( T A 2  s i d e  A  1 2 : 2 8 )  
S l :  C a n  y o u  e x p l a i n  w h y  i t ' s  d o i n g  t h i s ?  T h e  r a y  e n t e r i n g  t h e  
b l o c k ,  r e f r a c t s ,  a w a y  f r o m  t h e  n o r m a l  t o  t h e  s u r f a c e .  
T A :  W h a t  i s  y o u r  q u e s t i o n ?  
S l :  I s - w e  s e e  w h y  i t  d o e s  t h a t  b u t  w h y - I  m e a n  w e  s e e  t h a t  i t  
d o e s  t h a t ,  b u t  w h y  d o e s  i t  d o  t h a t ?  5  
T A : W h y - w h y  d o e s  i t  b e n d  t o w a r d  t h e  n o r m a l ?  
S l :  Y e a h .  
T A 2 ,  f o r  w h a t e v e r  r e a s o n ,  i s  u n s u r e  o f  w h a t  S l  i s  a s k i n g ,  s o  h e  a s k s  f o r  c l a r i -
f i c a t i o n  ( l i n e  3  ) .  U n f o r t u n a t e l y ,  S  1  ' s  · r e p h r a s i n g  ( l i n e s  4 - 5 )  o f  t h e  o r i g i n a l  q u e s t i o n  
i s  p e r h a p s  e v e n  m o r e  d i f f i c u l t  t o  c o m p r e h e n d  w i t h  i t s  f a l s e  s t a r t s .  T A 2  t h e n  h a s  t o  
m a k e  a  confirm~tion c h e c k  ( l i n e  6 ) ,  w h i c h  i s  a f f i r m e d  b y  S l ,  b e f o r e  b e i n g  a b l e  t o  a n -
s w e r  t h e  q u e s t i o n .  O n c e  T A 2  h a s  g i v e n  t h e  a n s w e r ,  S l  a g a i n  a s k s  a  r a t h e r  n o n s p e c i f i c  
q u e s t i o n  s o u n d i n g  s u s p i c i o u s l y  l i k e  h i s  f i r s t  t w o :  I s  t h a t  t h e  s a m e  t h i n g  f o r  w h y  t h i s  
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d o e s  t h a t  a w a y  f r o m  i t ?  P e r h a p s  t h e r e  w a s  s o m e  c o n f u s i o n  o n  h i s  p a r t  b e t w e e n  t h e  
l i g h t  r a y  b e n d i n g  T O W A R D  a n d  b e n d i n g  A W A Y  f r o m  t h e  n o r m a l  t o  t h e  s u r f a c e .  
A  q u e s t i o n  f o r m  t h a t  s o m e t i m e s  c a u s e s  d i f f i c u l t y  i n  c o m m u n i c a t i o n  i s  t h e  s p e c -
i f i e d  a l t e r n a t i v e  ( o r - c h o i c e )  f o r m .  T h i s  t y p e  o f  q u e s t i o n  i s  c o m p o s e d  o f  t w o  o r  m o r e  
y e s / n o  q u e s t i o n s  j o i n e d  b y  " o r , "  f o r c i n g  t h e  r e s p o n d a n t  t o  g i v e  s p e c i f i c  i n f o r m a t i o n ,  
w h e t h e r  o n e  o f  t h e  c h o i c e s  i n  t h e  q u e s t i o n  o r  a  c o m p l e t e l y  d i f f e r e n t  p i e c e  o f  i n f o r -
m a t i o n .  C o n f u s i o n  r e s u l t s  i f  t h e  r e s p o n d a n t ,  p e r h a p s  h e a r i n g  o n l y  o n e  p a r t  o f  t h e  
q u e s t i o n ,  a n s w e r s  i t  a s  a  y e s / n o .  T h e  e x c e r p t  b e l o w  i s  a n  e x a m p l e  o f  t h i s  s i t u a t i o n .  
( T A 2  s i d e  B  9 : 5 1 )  
S l :  S o  w e  g o t t a  m a k e ,  ( t a p ,  t a p ,  t a p )  a l l  t h e s e  t h e t a s  i n t o  Y  s  o r  
s i n e  t h e t a  i n t o  Y ?  
T A : Y e s .  
S l :  S i n e  t h e t a ?  
H e r e ,  T A 2  m a k e s  a n  i n a p p r o p r i a t e  r e s p o n s e ,  " y e s , "  t o  S l ' s  s p e c i f i e d  a l t e r n a t i v e ,  
r e f e r e n t i a l  q u e s t i o n .  S l  t h e n  m u s t  a s k  f o r  c l a r i f i c a t i o n ,  c h o o s i n g  t o  r e p e a t  t h e  s e c o n d  
a l t e r n a t i v e .  
A n o t h e r  c o m m o n  q u e s t i o n  f o r m  w h i c h  m i g h t  b e  d i f f i c u l t  f o r  n o n - n a t i v e  s p e a k e r s  
i s  t h e  c o m b i n a t i o n  o p e n - c l o s e d ,  w h i c h  c o n t a i n s  a  W H  q u e s t i o n  a n d  e i t h e r  a  y e s / n o  
o r  s p e c i f i e d  a l t e r n a t i v e .  C o n s e q u e n t l y ,  t h e  r e s p o n s e  c o u l d  t a k e  a  v a r i e t y  o f  f o r m s .  
T h e  e x c e r p t s  b e l o w ,  t a k e n  f r o m  T A l ' s  c l a s s ,  c o n t a i n  a  c o m b i n a t i o n  o f  W H  q u e s t i o n s  
a n d  e l l i p t i c a l  y e s / n o  s u g g e s t i o n s .  ( T A l  s i d e  B ,  5 : 2 8 )  ( S l  ' s  q u e s t i o n  c o n c e r n s  t h e  
a p p r o x i m a t e  o r i e n t a t i o n  o f  t h e  f l a t  s i d e  o f  a  p l e x i g l a s s  s e m i - c i r c l e ,  w i t h  r e s p e c t  t o  t h e  
c r i t i c a l  a n g l e  o f  t h e  l i g h t  r a y . )  
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S l :  S o  w h a t ' s  t h a t  a b o u t ,  1 3 5  a n d ,  3 1 5 ?  
T A : M h m .  Y e a h  . . . .  
( T A l  s i d e  A  9 : 0 5 )  
S l :  . . .  h o w  l o n g  d o e s  t h i s  l a b  t a k e ,  a b o u t  a n  h o u r ?  L o n g e r ?  
T A : L o n g e r  t h a n  t w o  h o u r s .  
I n  t h e  f i r s t  e x a m p l e ,  t h e  s t u d e n t ' s  s u g g e s t e d  a n s w e r  ( t h e  e l l i p t i c a l  y e s / n o  p a r t :  
( I s  t h a t  a b o u t )  1 3 5  a n d  3 1 5 ? )  i s  c o r r e c t ,  a n d  T A l  i s  a b l e  t o  r e s p o n d  a p p r o p r i -
a t e l y  w i t h  " M h m .  Y e a h . "  H o w e v e r ,  t h e  s t u d e n t ' s  q u e s t i o n  i n  t h e  s e c o n d  e x a m p l e  i s  
m o r e  c o m p l i c a t e d  t o  a n s w e r  n o t  o n l y  b e c a u s e  t h e  s u g g e s t e d  r e s p o n s e  i s  i n c o r r e c t  b u t  
a l s o  b e c a u s e  i t  i s  e x p a n d e d ,  m u c h  l i k e  a  s p e c i f i e d  a l t e r n a t i v e ,  w i t h  t h e  a d d i t i o n  o f  
" L o n g e r ? "  I n  t h i s  c a s e ,  T A l  a n s w e r s  t h e  f i r s t ,  o r  W H ,  p a r t  o f  t h e  q u e s t i o n ,  w h i c h  
c o u l d  h a v e  b e e n  m o r e  e a s i l y  p u t  f o r t h  a s  j u s t  " H o w  l o n g  d o e s  t h i s  l a b  t a k e ? "  
A n o t h e r  e x a m p l e  o f  a  c o m b i n a t i o n  q u e s t i o n ,  f r o m  T A 2 ' s  l a b ,  h a s  t h e  f o r m  o f  a n  
e l l i p t i c a l  s p e c i f i e d  a l t e r n a t i v e  i n  t h e  s e c o n d  p a r t .  ( T A 2  s i d e  A  8 : 1 8 )  ( o n  t h e  i n c i d e n t  
b e a m  r e f r a c t i n g  t o w a r d  o r  a w a y  f r o m  t h e  n o r m a l  t o  t h e  s u r f a c e )  
S l :  . . .  w h i c h  w a y  a r e  t h e y  t a l k i n g  a b o u t ,  t h i s  w a y  o r  t h i s  w a y ?  
T A : U m m  
S l :  O h  t h i s  i s  t h e  w a y .  
B e f o r e  T A 2  c h o o s e s  a n  a n s w e r ,  S l  d e c i d e s  o n e  f o r  h i m s e l f .  H a d  S l  n o t  s t a t e d  h i s  
o w n  a n s w e r ,  T A 2  c o u l d  h a v e  r e s p o n d e d  e i t h e r  t o  t h e  e l l i p t i c a l  s p e c i f i e d  a l t e r n a t i v e  
'  
b y  c h o o s i n g  o n e  o f  t h e  s u g g e s t i o n s  o r ,  i f  b o t h  c h o i c e s  w e r e  i n c o r r e c t ,  t o  t h e  W H  p a r t  
o f  t h e  q u e s t i o n  b y  s t a t i n g  t h e  c o r r e c t  d i r e c t i o n .  
6 1  
T h e s e  c o m b i n a t i o n  q u e s t i o n s  n e e d  n o t  b e  l o n g  a n d  c o m p l i c a t e d .  ( T A 2  s i d e  B  
4 6 : 0 6 )  
T A :  . . .  T h e n  t h e  r e f r a c t e d  l i g h t  w i l l  d i s a p p e a r .  T o  d o  t h a t ,  y o u  
h a v e  t o  r o t a t e  t h i s ,  a n d  t h e n  l o o k  a t  t h i s  p o i n t .  ( p a u s e )  I t  
d i s a p p e a r  a r o u n d  h e r e .  R i g h t ?  
S 1 :  W h e r e ,  h e r e ?  
T A : H e r e .  
5  
S 1  ' s  c l a r i f i c a t o n  r e q u e s t  i s  a  v e r y  s h o r t  c o m b i n a t i o n  o f  a n  e l l i p t i c a l  W H  a n d  
y e s / n o .  
T A 2  a l s o  u s e s  t h i s  c o m b i n a t i o n  q u e s t i o n  f o r m ,  b u t  i n  t h e  f o l l o w i n g  e x a m p l e  h e  
i n v e r s e s  t h e  o r d e r ,  p u t t i n g  t h e  s p e c i f i e d  a l t e r n a t i v e  f i r s t  a n d  t h e  W H  q u e s t i o n  l a s t .  
( T A 2  s i d e  B  3 0 : 2 0 )  
T A : T h e  i n d e x  o f  r e f r a c t i o n  s h o u l d  b e  g r e a t e r  t h a n  o n e  o r  s m a l l e r  
t h a n  o n e ,  w h a t  d o  y o u  t h i n k ?  
B e s i d e s  q u e s t i o n  f o r m s ,  t h e r e  a r e  o t h e r  a s p e c t s  o f  s p o k e n  E n g l i s h  w o r t h  n o t i n g ,  
t w o  o f  w h i c h  c a n  b e  f o u n d  i n  t h e  f o l l o w i n g  e x c e r p t  f r o m  T A 2 ' s  c l a s s .  O n e  i s  t h e  e x -
p e c t a t i o n  o f  a n  e x p l a n a t i o n  f o l l o w i n g  a  " n o "  a n s w e r ,  a n d  t h e  o t h e r  i s  t h e  i m p o r t a n c e  
o f  w o r d  s t r e s s  t o  t h e  m e a n i n g  o f  s e n t e n c e s .  ( T A 2  s i d e  B  2 : 1 0 )  
S 1 :  . . .  N o w  I  w a n n a  k n o w  f o c a l  l e n g t h  o f  t h e  l e n s .  F o c a l  l e n g t h  
w o u l d  b e  [ a s  f a r  a s  t h i s  i s ] ,  i s n ' t  i t ?  I s n ' t  t h a t  t h e  f o c a l  
l e n g t h ?  
T A : N o .  
- - - - - - - - -
S  1 :  W h a t  I S  t h e  f o c a l  l e n g t h ?  
T A :  W h a t  i s  t h e  F O C A L  L E N G T H ?  
S 1 :  R i g h t .  
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T A :  U h ,  w h a t  d o  y o u  m e a n  b y  T H I S  i s  t h e  f o c a l  l e n g t h ?  T h a t ' s  t h a t  
l e n s .  O n l y  l e n s  h a v e  f o c a l  l e n g t h .  
S 1 :  A l l  r i g h t .  S o  i t  m u s t  b e  t h e  d i f f e r e n c e  b e t w e e n  t h e s e  t w o .  
T A :  Y e a h  . . . .  
5  
1 0  
I n  t h e  f i r s t  u t t e r a n c e  o f  t h i s  e x c e r p t ,  S 1  m a k e s  a  s t a t e m e n t  r e g a r d i n g  t h e  n e w  
f o c u s  o f  t h e  e x p e r i m e n t .  H e  f o l l o w s  i m m e d i a t e l y  w i t h  a  r e f e r e n t i a l  q u e s t i o n  a n d  a  
r e p h r a s i n g  o f  t h e  q u e s t i o n  w i t h  p r a c t i c a l l y  n o  w a i t  t i m e  i n  b e t w e e n .  W h e n  T A 2  
r e s p o n d s  t o  h i s  m u l t i p l e  q u e s t i o n  u t t e r a n c e  s i m p l y  w i t h  a  " n o , "  S 1  i n d i c a t e s  b y  
e m p h a s i z i n g  t h e  v e r b  " i s "  i n  t h e  q u e s t i o n  " W h a t  i s  t h e  f o c a l  l e n g t h ? "  t h a t  h e  e x p e c t s  
t h e  c o r r e c t  i n f o r m a t i o n  t o  b e  g i v e n .  T A 2  r e s p o n d s  n o t  w i t h  t h e  a n s w e r  t o  S 1  ' s  
q u e s t i o n  b u t  w i t h  a n  e x a c t  r e p e t i t i o n ,  t h e  o n l y  d i f f e r e n c e  b e i n g  t h e  w o r d  e m p h a s i z e d .  
B y  p l a c i n g  t h e  e m p h a s i s  o n  " f o c a l  l e n g t h , "  h e  c o n f i r m s  t h a t  h e  h a s  c o r r e c t l y  h e a r d  
w h a t  S 1  i s  a s k i n g  a b o u t .  T A 2  t h e n  a s k s  a  r h e t o r i c a l  q u e s t i o n  a n d  g i v e s  i n f o r m a t i o n  
t h a t  l e a d s  t h e  s t u d e n t  t o  t h e  a n s w e r  h e  h a s  b e e n  s e e k i n g .  
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C H A P T E R  5 .  D I S C U S S I O N  A N D  C O N C L U S I O N S  
T h e  i n a i n  f u n c t i o n  o f  q u e s t i o n s  i n  t h e  t w o  p h y s i c s  l a b s  i n  t h i s  r e s e a r c h  p r o j e c t  i s  
a p p a r e n t l y  t o  k e e p  c o m m u n i c a t i o n  g o i n g ,  a s  w e l l  a s  t o  o b t a i n  i n f o r m a t i o n  ( e s p e c i a l l y  
o n  t h e  s t u d e n t s '  p a r t ) .  T h e  I T A s  a n d  t h e i r  s t u d e n t s  u s e d  a  w i d e  v a r i e t y  o f  q u e s t i o n  
f o r m s  t o  m e e t  t h e s e  n e e d s  a n d  o t h e r s .  
T h e  l a b  s e t t i n g ,  u n l i k e  a  r e c i t a t i o n  o r  l e c t u r e  c l a s s ,  i s  c o n d u c i v e  t o  q u e s t i o n  
a s k i n g .  F i r s t  o f  a l l ,  t h e  l a b  e x p e r i m e n t s  t h e m s e l v e s  a r e  i n v e s t i g a t i v e  i n  n a t u r e ,  a n d  
s t u d e n t s  w o r k i n g  a l o n e  o r  w i t h  s o m e o n e  e l s e  w h o  i s  c o n f u s e d  n e e d  n o t  f e e l  s e l f -
c o n s c i o u s  a b o u t  a s k i n g  q u e s t i o n s .  I n  a  r e c i t a t i o n  c l a s s  o r  l a r g e  l e c t u r e  c l a s s ,  h o w e v e r ,  
a  s t u d e n t  m i g h t  v e r y  w e l l  w i t h h o l d  q u e s t i o n s  t o  a v o i d  l o o k i n g  l i k e  t h e  o n l y  o n e  w h o  
d o e s  n o t  u n d e r s t a n d .  T h e  o n e - o n - o n e  i n t e r a c t i o n  i n  l a b  c l a s s e s  a l s o  a l l o w s  e x t e n s i v e  
n e g o t i a t i o n  o f  m e a n i n g  t o .  a n s w e r  o n e  s t u d e n t ' s  q u e s t i o n  w i t h o u t  f o r c i n g  o t h e r s  w h o  
d o  u n d e r s t a n d  t o  s i t  i d l y  b y .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  l a b  s i t u a t i o n ,  i n  w h i c h  
s t u d e n t s  a s k i n g  q u e s t i o n s  k n o w  e x a c t l y  w h a t  t h e  c o n t e x t  i s  b u t  t h e  T A s  h a v e  o n l y  a  
g e n e r a l  i d e a  o f  t h e  p o s s i b i l i t i e s ,  a l m o s t  n e c e s s i t a t e s  n e g o t i a t i o n  o f  m e a n i n g .  S t u d e n t s  
s o m e t i m e s  i n i t i a t e  a  d i a l o g  w i t h  a  q u e s t i o n  l i k e  " A r e  t h e s e  t h e  r i g h t  n u m b e r s ? "  I f  
t h e  T A  i s  g o i n g  t o  b e  a b l e  t o  a n s w e r  a p p r o p r i a t e l y ,  s o m e  c l a r i f i c a t i o n  i s  n e e d e d .  
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I m p l i c a t i o n s  
A t  I o w a  S t a t e  U n i v e r s i t y ,  t h e  E n g l i s h  d e p a r t m e n t  h a s  a  c l a s s  ( 1 8 0 )  f o r  I T A s  w h o ·  
w a n t  a n d  n e e d  t o  i m p r o v e  t h e i r  t e a c h i n g  a n d  s p o k e n  E n g l i s h  s k i l l s .  T h e  c l a s s  i n c l u d e s  
i n s t r u c t i o n  o n  q u e s t i o n i n g  t e c h n i q u e s ,  b u t  t h e  e m p h a s i s  i s  o n  e x p l a i n i n g  m a t e r i a l  a s  
i n  a  r e c i t a t i o n  c l a s s  o r  t h e  T E A C H  t e s t .  S i n c e  t h e  I T A s  r e q u i r e d  t o  t a k e  t h e  c o u r s e  
a r e  t y p i c a l l y  p l a c e d  a s  l a b  a s s i s t a n t s ,  p e r h a p s  t h e  f o c u s  s h o u l d  b e  o n  t e a c h i n g  a s  i n  a  
l a b  s e t t i n g ,  w i t h  t h e  e m p h a s i s  o n  q u e s t i o n s ,  a p p r o p r i a t e  r e s p o n s e s ,  a n d  n e g o t i a t i o n  
o f  m e a n i n g .  
O n e  o f  t h e  u n w r i t t e n  a s s u m p t i o n s  o n  t h e  T E A C H  r a t i n g s  i s  t h a t  a  h i g h e r  l e v e l  
o f  E n g l i s h  i s  n e e d e d  t o  t e a c h  a  r e c i t a t i o n  s e c t i o n  t h a n  a  l a b  s e c t i o n .  A f t e r  o b s e r v -
i n g  s e v e r a l  d i f f e r e n t  l a b s  a n d  a n a l y z i n g  t h e  d i s c o u r s e  o f  t w o ,  I  r e a l i z e  h o w  d i f f i c u l t  
t e a c h i n g  a  l a b  c a n  b e .  A l t h o u g h  t h e r e  i s  a  b e t t e r  o p p o r t u n i t y  f o r  r e p a i r i n g  m i s u n -
d e r s t a n d i n g  t h a n  i n  a  r e c i t a t i o n ,  c o m p r e h e n s i o n  i s  m o r e  d i f f i c u l t  t o  c o m e  b y  i n  a  
l a b  i n  t h e  f i r s t  p l a c e .  T h e  c o n t e x t  i n  w h i c h  s t u d e n t s  i n i t i a l l y  a s k  q u e s t i o n s  i s  n o t  
s h a r e d  b y  t h e  I T A  a n d  i n  f a c t  c h a n g e s  f r o m  s t u d e n t  t o  s t u d e n t  d e p e n d i n g  o n  t h e i r  
r a t e  o f  w o r k i n g  t h r o u g h  t h e  e x p e r i m e n t s .  L a b s  a r e  q u i t e  o f t e n  n o i s y  p l a c e s :  p e o p l e  
t a l k ,  c h a i r s  s c r a p e ,  e q u i p m e n t  f a l l s ,  m a c h i n e s  r u n ,  e t c .  E v e n  w h e n  a s k i n g  t h e  I T A  f o r  
h e l p ,  s t u d e n t s  w o r k i n g  t o g e t h e r  w i l l  s o m e t i m e s  t a l k  s i m u l t a n e o u s l y  o r  i n t e r r u p t  e a c h  
o t h e r  a n d / o r  t h e  I T A .  Q u e s t i o n s  a l s o  m a y  h a v e  f a l s e  s t a r t s ,  p o o r  w o r d i n g  o r  p h r a s i n g ,  
s e l f - i n t e r r u p t i o n s ,  o r  a n y  n u m b e r  o f  p r o b l e m s  t h a t  m a k e  t h e m  d i f f i c u l t  f o r  t h e  I T A  
t o  u n d e r s t a n d .  T h e  l a b  I T A  i n  e f f e c t  i s  g i v e n  a n  o f t e n  p o o r l y  f o r m e d  q u e s t i o n  o n  a  
t o p i c  o f  t h e  s t u d e n t ' s  c h o o s i n g  i n  a  n o i s y  e n v i r o n m e n t ,  a n d  h e  o r  s h e  m u s t  n e g o t i a t e  
t h e  c o n t e x t  a n d  m e a n i n g  b e f o r e  r e s p o n d i n g  a p p r o p r i a t e l y - o n  t h e  s p o t !  T h i s  i s  n o t  
w h a t  I  w o u l d  c a l l  a n  e a s y  t a s k  e v e n  i n  m y  n a t i v e  l a n g u a g e .  M o r e  p r a c t i c e  i n  t h e  1 8 0  
- -
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c l a s s  i n  a n s w e r i n g  q u e s t i o n s  o f  t h i s  s o r t  c o u l d  b e  v e r y  u s e f u l .  
T h e  1 8 0  c o u r s e ,  a l o n g  w i t h  g i v i n g  I T A s  a n  o p p o r t u n i t y  t o  a n s w e r  q u e s t i o n s  a s  i f  
i n  a  l a b  s e t t i n g ,  c o u l d  a l s o  g i v e  I T A s  m o r e  i n s t r u c t i o n  a n d  p r a c t i c e  i n  a s k i n g  r h e t o r i c a l  
a n d  d i s p l a y  q u e s t i o n s  a s  a  t e a c h i n g  t e c h n i q u e .  B e s i d e s  b e i n g  u s e f u l  i n  a s s e s s i n g  a  
s t u d e n t ' s  u n d e r s t a n d i n g ,  d i s p l a y  q u e s t i o n s  c a n  h e l p  s t u d e n t s  l e a r n  b y  l e a d i n g  t h e m  t o  
a n  a n s w e r  a n d  e x p l o r i n g  t h e  u n d e r l y i n g  c o n c e p t s  i n  t h e  p r o c e s s .  R h e t o r i c a l  q u e s t i o n s  
c a n  a l s o  h e l p  s t u d e n t s  l e a r n  b y  f o c u s i n g  t h e i r  a t t e n t i o n  o n  i m p o r t a n t  i n f o r m a t i o n  a n d  
c a u s i n g  t h e m  t o  t h i n k  b e y o n d  t h e  s t e p - b y - s t e p  p r o c e d u r e s  o f  t h e  l a b  e x p e r i m e n t .  
L i m i t a t i o n s  
A s  w a s  m e n t i o n e d  e a r l i e r ,  t h e r e  w e r e  s o m e  d i f f i c u l t i e s  i n  g a t h e r i n g  t h e  d a t a  f o r  
t h i s  p r o j e c t .  A l t h o u g h  t h e  h a n d  h e l d  t a p e  r e c o r d e r  m a d e  t h e  c o l l e c t i o n  o f  d a t a  
i n f i n i t e l y  e a s i e r  a n d  m o r e  r e l i a b l e  t h a n  j u s t  a t t e m p t i n g  t o  t a k e  f i e l d  n o t e s ,  i t  s t i l l  
p o s e d  p r o b l e m s .  N o i s e s  w h i c h  i n t e r f e r e d  w i t h  h e a r i n g  t h e  d i s c o u r s e  a t  t h e  t i m e  o f  
o b s e r v a t i o n  w e r e  j u s t  a s  l o u d  a n d  o b s t r u c t i v e  t o  u n d e r s t a n d i n g  o n  t h e  r e c o r d i n g s .  
A l s o ,  s o m e  d i a l o g  w a s  l o s t  c o m p l e t e l y  s i m p l y  b e c a u s e  I  c o u l d  n o t  u n o b t r u s i v e l y  g e t  
c l o s e  e n o u g h  t o  t h e  s p e a k e r s ,  w h o  w e r e  o f t e n  b e n t  o v e r  t h e  p r o b l e m  a t  h a n d  o r  
s p e a k i n g  q u i e t l y ,  i n  w h i c h  c a s e  a  m i c r o p h o n e  a t t a c h e d  t o  t h e  c l o t h i n g  o f  t h e  I T A  
w o u l d  h a v e  b e e n  h e l p f u l .  A n o t h e r  p r o b l e m  w i t h  t h e  t a p e  r e c o r d e r  w a s  t h a t  t h e  t a p e s  
r a n  o u t  b e f o r e  t h e  c l a s s  t i m e  d i d  a n d  h a d  t o  b e  t u r n e d  o v e r ,  t h u s  p o s s i b l y  o m i t t i n g  
a  p o r t i o n  o f  s p e e c h .  A s  a  r e s u l t  o f  t h e s e  d i f f i c u l t i e s  a n d  o t h e r s ,  t h e  d a t a  c o l l e c t e d  
f o r  t h i s  s t u d y  a r e  n o t  c o m p l e t e  a n d  c a n  o n l y  b e  u s e d  a s  a n  i n d i c a t i o n  o f  q u e s t i o n i n g  
t r e n d s  i n  i n t r o d u c t o r y  p h y s i c s  l a b s .  
A n o t h e r  l i m i t a t i o n  o f  t h i s  r e s e a r c h  i s  i t s  s c o p e .  M o r e  d a t a  t a k e n  f r o m  l a b  s e s s i o n s  
.  .  
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i n  s e v e r a l  d i f f e r e n t  f i e l d s  a t  b o t h  b e g i n n i n g  a n d  a d v a n c e d  l e v e l s  a n d  a t  v a r i o u s  t i m e s  
t h r o u g h o u t  t h e  s e m e s t e r  w o u l d  y i e l d  a  m o r e  c o m p l e t e  v i e w  o f  t h e  r o l e  o f  q u e s t i o n s  
i n  l a b  c l a s s e s .  T h e r e  i s  o b v i o u s l y  p l e n t y  o f  r o o m  f o r  f u t u r e  r e s e a r c h  h e r e .  
F u t u r e  R e s e a r c h  ·  
S o m e  f u t u r e  r e s e a r c h  p o s s i b i l i t i e s  a r e  a )  a n  e v a l u a t i o n  o f  t h e  r e s u l t s  o f  I T A s '  
t e a c h i n g  sk~lls i n  l a b  c l a s s e s  a f t e r  h a v i n g  f o c u s e d  o n  q u e s t i o n i n g  t e c h n i q u e s  i n  E n g l i s h  
1 8 0 ,  b )  a  m o r e  e x t e n s i v e  s t u d y  i n  s o m e  o f  t h e  o t h e r  s c i e n c e  o r  e n g i n e e r i n g  f i e l d s  
r e g a r d i n g  t h e  u s e  o f  q u e s t i o n s  i n  l a b  c l a s s e s ,  o r  c )  a  c o m p a r i s o n  o f  q u e s t i o n  f u n c t i o n s  
b e t w e e n  b e g i n n i n g  a n d  a d v a n c e d  l e v e l  l a b  c l a s s e s  i n  t h e  s a m e  f i e l d .  T h e  e f f e c t  o f  
t r a i n i n g  s t u d e n t s  i n  h o w  t o  a s k  q u e s t i o n s  i n  t h e  l a b  s e t t i n g  w o u l d  a l s o  b e  i n t e r e s t i n g .  
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A C K N O W L E D G M E N T S  
A  g r e a t  n u m b e r  o f  p e o p l e  h a v e  a s s i s t e d  i n  t h e  c o m p l e t i o n  o f  t h i s  r e s e a r c h  p r o j e c t .  I  
w o u l d  f i r s t  l i k e  t o  a c k n o w l e d g e  t h e  I o w a  S t a t e  U n i v e r s i t y  C o m m i t t e e  o n  t h e  u s e  o f  H u m a n  
S u b j e c t s  i n  R e s e a r c h  f o r  e x t e n d i n g  p e r m i s s i o n  g r a n t e d  t o  t h e  G r a d u a t e  C o l l e g e  f o r  t h e  
o r i g i n a l  s t u d y  o f  l a b  T A  a c t i v i t i e s  t o  t h i s  s t u d y  o n  t h e  q u e s t i o n s  i n  l a b  d i s c o u r s e .  A  b i g  
t h a n k  y o u  g o e s  t o  a l l  t h e  T A s  w h o  a l l o w e d  m e  t o  f o l l o w  t h e m  a r o u n d  t h e i r  l a b s  w i t h  t a p e  
r e c o r d e r  a n d  o b s e r v a t i o n  f o r m  i n  h a n d  a n d  p a r t i c u l a r l y  t o  t h e  t w o  I T A s  w h o s e  d i s c o u r s e  
w a s  u s e d  f o r  t h i s  t h e s i s .  T h a n k s  a l s o  t o  a l l  t h e  s t u d e n t s ,  w h o  k n e w  t h a t  t h e y  w e r e  b e i n g  
t a p e d  a n d  a s k e d  q u e s t i o n s  a n y w a y .  
T h a n k  y o u  t o  D r .  F r a n k  P e t e r s o n  o f  t h e  P h y s i c s  D e p a r t m e n t  f o r  a l l o w i n g  m e  t o  i n c l u d e  
i n  t h e  a p p e n d i x  a  c o p y  o f  t h e  P r e - l a b  a n d  L a b  R e p o r t  N o .  1 0 ,  o f  w h i c h  h e  i s  t h e  p r i n c i p a l  
a u t h o r .  
I  w o u l d  l i k e  t o  t h a n k  t h e  m e m b e r s  o f  m y  P O S  c o m m i t t e e ,  D r .  D a n  D o u g l a s ,  D r .  
R o b e r t a  A b r a h a m ,  a n d  D r .  M i c h a e l  S i m o n s o n ,  f o r  t h e i r  a d v i c e ,  e n c o u r a g e m e n t ,  ~d i m -
m e n s e  p a t i e n c e !  I  w o u l d  a l s o  l i k e  t o  t h a n k  D r .  C a r o l  C h a p e l l e  f o r  t a k i n g  a  p e r s o n a l  i n t e r e s t  
i n  m y  p r o g r e s s  a n d  p r o v i d i n g  h e l p  a n d  e n c o u r a g e m e n t .  B a r b a r a  P l a k a n s  a n d  C i n d y  M y e r s  
a l s o  h e l p e d  m e  a  g r e a t  d e a l  t h r o u g h o u t  t h e  r e s e a r c h  p r o j e c t ;  I  a m  i n d e b t e d  t o  t h e m .  
M a n y  o t h e r  p e o p l e  g a v e  m e  s u p p o r t  d u r i n g  t h e  t h e s i s  w r i t i n g  p r o c e s s .  I  a m  g r a t e f u l  t o  
f a c u l t y ,  f a m i l y ,  a n d  f r i e n d s  f a r  a n d  n e a r  w h o  m a i n t a i n e d  t h e i r  f a i t h  i n  m e .  S p e c i a l  t h a n k s  
g o  t o  m y  m o t h e r ,  B e t t y  S e a r l s ,  f o r  h e r  f i n a n c i a l  a n d  e m o t i o n a l  s u p p o r t ,  a n d  t o  m y  f r i e n d  
G i l b e r t a  A j u  B a t z .  
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F i n a l l y ,  I  w o u l d  l i k e  t o  d o  m o r e  t h a n  t h a n k  t w o  p e o p l e  w i t h o u t  w h o m  I  n e v e r  w o u l d  
h a v e  m a n a g e d  t o  w r i t e  t h i s  t h e s i s :  S u s a n  a n d  J o s e p h  C o o k .  T h e s e  t w o  p r o v e d  t h e m s e l v e s  
t o  b e  t r u l y  b e s t  f r i e n d s .  G o d  b l e s s  t h e m .  
,  
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A P P E N D I X  A .  
T r a n s c r i p t  N o t a t i o n  
T h e  d a t a  i n  t h i s  a p p e n d i x  h a v e  b e e n  t r a n s c r i b e d  u s i n g  t h e  f o l l o w i n g  c o n v e n t i o n s :  
" 5 : 5 2 " - E a c h  d i a l o g  i s  p r e c e d e d  b y  t h e  t i m e  a t  w h i c h  i t  b e g i n s  r e l a t i v e  t o  t h e  s t a r t i n g  
o f  t h e  t a p e  r e c o r d e r  ( a p p r o x i m a t e l y  t e n  m i n u t e s  a f t e r  t h e  s t a r t  o f  t h e  c l a s s  f o r  s i d e  A )  a n d  
i s  i n d i c a t e d  i n  m i n u t e s  a n d  s e c o n d s .  T h e  t i m e  5 : 5 2  s i g n i f i e s  t h a t  t h e  d i a l o g  s t a r t e d  f i v e  
m i n u t e s  a n d  f i f t y - t w o  s e c o n d s  i n t o  t h e  t a p e  . .  
" T A : "  - T h e  f o l l o w i n g  s p e e c h  i s  t h a t  o f  t h e  i n t e r n a t i o n a l  t e a c h i n g  a s s i s t a n t  i n  c h a r g e  
o f  t h a t  p a r t i c u l a r  c l a s s .  
" S l : "  - T h e  f o l l o w i n g  s p e e c h  i s  t h a t  o f  t h e  f i r s t  s t u d e n t  t o  s p e a k  i n  t h a t  p a r t i c u l a r  
d i a l o g .  S 2  s t a n d s  f o r  t h e  s e c o n d  s t u d e n t  t o  s p e a k  i n  t h e  s a m e  d i a l o g ,  a n d  s o  f o r t h .  O n c e  a  
n e w  d i a l o g  i s  i n i t i a t e d ,  n e w  s t u d e n t s  b e c o m e  S l ,  S 2 ,  S 3 ,  b a s e d  o n  o r d e r  o f  a p p e a r a n c e  i n  
t h e  d i a l o g .  
" J S : "  - T h e  o b s e r v e r  w a s  d r a w n  i n t o  t h e  d i a l o g .  
" [  ] "  - T h e  s p e e c h  c o n t a i n e d  w i t h i n  s q u a r e  b r a c k e t s  i s  q u e s t i o n a b l e  o r  u n c l e a r .  W h e n  
t h e r e  i s  n o  w a y  o f  g u e s s i n g  w h a t  w o r d s ·  a r e  b e i n g  s p o k e n ,  t h e  s q u a r e  b r a c k e t s  c o n t a i n  a n  
e l l i p s i s ,  [  . . .  ]  .  
" (  ) "  - P a r e n t h e s e s  c o n t a i n  i n f o r m a t i o n  a b o u t  o r  a f f e c t i n g  t h e  d i a l o g  o t h e r  t h a n  
a c t u a l  s p e e c h .  
" , "  - C o m m a s  i n d i c a t e  a  s h o r t  p a u s e  i n  s p e e c h .  
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" . "  - P e r i o d s  i n d i c a t e  t h e  e n d  o f  a  t h o u g h t ,  d e t e r m i n e d  b y  i n t o n a t i o n .  
" ? "  - Q u e s t i o n  m a r k s  i n d i c a t e  a  q u e r y ,  d e t e r m i n e d  b y  q u e s t i o n  s t r u c t u r e  a n d /  o r  
i n t o n a t i o n .  
" = "  - E q u a l s  s i g n s  i n d i c a t e  t h a t  a  p e r s o n ' s  s p e e c h  i s  c o n t i n u e d .  F o r  e x a m p l e ,  T A l  
i s  e x p l a i n i n g  t o  a  s t u d e n t  "  . . .  t h r o u g h  d i v e r g i n g  l e n s  a n d  g o i n g  t h i s  w a y  a n d  t h i s  w a y  . . .  "  
a n d  t h e  s t u d e n t  i n s e r t s  " U h - h u h "  t o  i n d i c a t e  t h a t  s h e  i s  f o l l o w i n g  h i s  e x p l a n a t i o n .  I n  t h e  
t r a n s c r i p t s  t h i s  i s  w r i t t e n  s e p a r a t e l y  u s i n g  e q u a l s  s i g n s :  
T A :  . . .  t h r o u g h  d i v e r g i n g  l e n s =  
S 2 :  U h - h u h  
T A :  =  a n d  g o i n g  t h i s  w a y  a n d  t h i s  w a y  . . . .  
" I "  - V e r t i c a l  l i n e s ,  i n  p a i r s ,  i n d i c a t e  t h a t  t h e  s p e e c h  b e t w e e n  t h e  l i n e s  i s  o v e r l a p p i n g  
a n o t h e r  p e r s o n ' s  s p e e c h .  
" - "  - D a s h e s  i n d i c a t e .  i n t e r r u p t i o n s  o f  s p e e c h ,  w h e t h e r  b y  t h e  s a m e  s p e a k e r  ( a s  o c c u r s  
w i t h  f a l s e  s t a r t s )  o r  b y  a n o t h e r  s p e a k e r .  
- - - - - - - - - - - - - - - - - - - - -
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· T A l  T r a n s c r i p t s  
N a m e  o f  C l a s s :  P h y s i c s  l l l L  
D a t e  o f  O b s e r v a t i o n :  F r i d a y ,  2 1  A p r i l  1 9 8 9  
T a p e :  T A l  S i d e  A  
0 : 4 5  S l :  u r n  [ t h r e e  t i m e s  s o m e t h i n g  i s  t h a t  f i v e ]  
S 2 :  I s  t h a t  f i v e  o r  i s  t h a t  z e r o  o r  
T A : U h  i t ' s  n o t  f i v e ;  i t ' s  a  " s . "  T h e r e ' s  t h r e e  k i n d .  
O n e  i s  u n s a t i s f i e d ,  a n d  s a t i s f a c t o r y  a n d  o u t s t a n d i n g ,  
s o m e t i m e s  " o "  m e a n s  o u t s t a n d i n g .  ·  
S ? :  [  . . .  ]  
T A : Y e a h ,  [ t h e r e ' s ?  s o  o n l y ? ]  t h r e e  k i n d .  
3 : 0 5  S l :  W e  d i d n ' t  h a n d  i n  o u r  p r e l a b  w i t h  t h a t .  
T A : [  . . .  ]  
S 2 :  O h .  [ N o  I  d i d n ' t  . . .  ]  I  t h o u g h t  y o u - I  t h o u g h t  y o u  
w e r e n ' t  g o i n g  t o  a c c e p t  i t .  
T A : N o ,  y o u  s h o u l d  f i n i s h .  I  j u s t  a c c e p t  y o u  h a n d  i n  
r i g h t  n o w .  
S 2 :  O K .  I ' m  s o r r y .  
3 : 3 7  T A :  Y o u - y o u  d i d n ' t  h a v e  t h i s  [  . . .  ] ?  
S l :  J u s t  [ 2 D ] .  
T A :  Y e a h ,  y o u  j u s t  u s e  t h i s  o n e  [ 2 C ] . =  
S l :  Y e a h  
T A :  = [ I t ' s  t o  r i s e  . . .  t i m e s  . . .  ]  
S 2 :  R a i s e  i t  u p ?  
T A :  Y e a h .  T h e n  y o u  c h e c k  t w o  p l a c e ,  n o t  j u s t  o n e .  C h e c k  
·  h e r e  a n d  c h e c k  t h e r e .  I f  t h e  p o s i t i o n ,  t h e  h e i g h t ,  
[ i s ]  t h e  s a m e ,  t h e n  [ i t ' s  . . .  ] .  O t h e r w i s e  [ I  w o u l d  
j u s t  u s e  t h i s ]  
S 2 :  O K  
T A :  [  . . .  ] , O K .  O h ,  o n e  m o r e  p e o p l e  c o m i n g !  
4 : 2 7  S l :  w e  u s e  t w o  d i f f e r e n t  t h i n g s  r a t h e r  t h a n  r e s e t t i n g  t h e  
w h o l e  t h i n g  u p ?  
T A : [ Y o u ]  j u s t  u s e  t h i s  o n e .  
S 2 :  Y o u  w a n t  u s  t o  r e s e t  t h i s  t h e n ?  
T A : Y a h -
S 2 :  I  m e a n ,  r e s e t  t h i s  o n e  s o  i t ' s ,  
S l :  [ g o o d ?  g o n n a ? J  
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T A : Y e a h .  [ J u s t  p u t - i t  s h o u l d  j u s t  t a k e  s h o r t  t i m e ,  
y o u  c a n  r e s e t  h e r e ] .  
S 2 :  O K .  S o u n d s  g o o d  t o  m e .  
4 : 4 4  T A :  S o  h a v e  y o u  f i n i s h e d  t h e  p r e l a b ? .  
S l :  M h m .  H a v e  t o  g e t  i t  o u t .  
( p a u s e )  
S l :  [ I t ' s  n o t  p e r f e c t l y  d o n e . ]  
T A :  W h a t ' s  t h i s ?  [ T o d a y ]  i t ' s - t o d a y  i s  n u m b e r  t h -
[ . : . ] .  
S l :  N u m b e r  w h a t ?  
T A :  N u m b e r  t e n .  O K .  
( s h o r t  p a u s e ) .  
S l :  I ' m  s o  m a d .  I  d i d  n o t  e v e n  b r i n g  t h e  r i g h t  l a b .  
T A :  Y o u  d o n ' t  h a v e  l a b  r e p o r t  a l s o ?  
S l :  I  d o n ' t  h a v e  a n y  o f  i t ,  ' c a u s e  I  t h o u g h t  i t  w a s  n i n e  
t o d a y .  ( s h o r t  p a u s e )  ( l a u g h )  A n d  I  r a n  a l l  t h e  w a y  
h e r e !  O h !  ( s h o r t  p a u s e )  C a n  I  d o  i t  o n  p a p e r ?  A n d  
b r i n g  t h e  p r e l a b  i n  o n - o n  n e x t  F r i d a y  o r  p u t  i t  i n  
y o u r  b o x ?  
T A :  Y e a h ,  y o u  m a y  r e c o r d  a l l  t h e - a l l  t h e  d a t a  d o w n ,  a n d  
y o u  w r i t e  o n  l [ t h i s ] l  
S l :  ! G o s h , !  I ' m  s o  s o r r y  a b o u t  t h a t ;  I ' m  s u c h  a  n e r d .  
p a u s e ,  w a l k i n g  a w a y )  I  d i d n ' t  e v e n  k n o w  t h a t  i t  w a s ,  
g o d !  I ' m  s o  m a d ,  I ' m  s o  m a d .  
5 : 5 0  T A :  [ H a v e  y o u  t u r n e d  t h i s  d o w n  a l r e a d y ? ]  
S l :  N o  
T A :  N o ?  [  . . .  ]  
S l :  W h a t ' d  y o u  s a y ?  S e t -
T A :  S e t - s e t  t h i s  o n  l e v e l .  [  . . .  t h e s e  t h i n g s  o n  l e v e l .  
T u r n  i t  J  u p  o r  d o w n , =  
S l :  O h  
T A :  =  s o  y o u  s h o u l d  u s e  t h i s  o n e ,  [ t h e n ]  y o u  c a n  u s e  t h i s  
o n e .  
S l :  O K  
T A :  A n d  i f  t h i s  o n e - y e a h ,  l i k e  t h i s  o n e  i n c o m i n g  h e r e  
[  . . .  ]  o n  t h e  o u t s i d e  o u t  a t  1 8 0 .  Y e a h ,  i t - i t ' s  
- - - - - - - - - - - - - - - - - - - - -
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a l m o s t , s a m e .  
S l :  [ I ' m  g e t t i n g  . . .  r e a d i n g ]  
T A :  Y e a h ,  i t ' s  (  . . .  ] .  T h e n  r e c h e c k  i n s i d e ,  y e a h .  H a l f [  . . .  ]  
h a l f  c e n t i m e t e r s ,  r i g h t .  I n  t h e  s a m e  p l a c e ,  i t - - i t ' s  
a  s t i l l  h a l f  c e n t i m e t e r s ?  N o ,  y o u  s e e .  I t ' s  m u c h  
h i g h e r . =  
S l :  [  . . .  ] r i g h t  1 [  • • •  ]  
T A :  I S o  t h a t  m e a n s  t h i s  o n e ,  n o t  o n  l e v e l .  
S l :  R i g h t .  j W e  m e s s e d  u p  [ a l l  o u r  l e v e l ]  
T A :  1 [  • • .  ]  b r i n g  t h i s  [ u p ]  a  l i t t l e  b i t  u p  [  . . .  ] .  O t h e r w i s e  
t h a t  a f f e c t  y o u r  m e a s u r e m e n t  i n  t h e  f o l l o w i n g  [ u n i t ] .  
O K ?  
S 2 :  [ H o w  m a n y  . . .  ? ]  
S l :  [  . . .  e n o u g h ]  
S 2 :  H o w  d o  w e - h o w  d o  y o u  r a i s e  t h e s e ?  D ' y o u  t u r n  t h i s ,  
o r ,  
T A :  Y e a h ,  y o u  t u r n  t h i s  f i r s t .  [  . . .  ]  T h e n  y o u  u s e  t h i s  o n e  
t o  c h e c k .  
S l :  W h e r e  i s  i t  b a c k  h e r e ?  
T A :  M h m .  F i r s t - y e a h ,  f i r s t  c h e c k  h e r e ,  i t ' s  h a - y e a h ,  
i t ' s  h a l f  c e n t i m e t e r ,  t h a t ' s  r i g h t ,  s o  [  . . .  ]  h e r e .  
S l :  I n c r e d i b l e !  
( l a u g h t e r )  
S l :  [  . . .  ]  l o o k  a t  t h a t .  A l l  r i g h t !  
7 : 2 9  S l :  D o  y o u  l o o k  a t  t h e  d a r k e r  o n e  o r  t h e  l i g h t e r  o n e ?  
T A : Y e a h ,  y o u - y o u  l o o k  h e r e .  T h i s  i s  t h e  r e f l e c t e d  [ o n e ] ,  
t h i s  i s  t h e  r e f l a c t e d  o n e .  S o  y o u  c h e c k  t h e - t h i s  [ i n s t r u m e n t ]  
c h e c k - [ y o u  s e e ] .  S o  t h i s  i n c i d e n t .  [ R i g h t ] ,  i n c i d e n t  [  . . .  ] . =  
S l :  U h - h u h  
T A : =  [  . . .  ]  c h e c k  t h i s  [ w a y ?  r a y ?  a n d  i t ' s  . . .  ]  
S 2 :  S o  i s  t h e r e  o n e  o v e r  h e r e ?  
T A : I Y e a h  
S 2 :  I Y e a h .  [  . . .  ]  s o  t h i s  i s  r e f l e c t e d  a n d  t h i s  i s  
r e f r a c t e d .  
T A : Y e a h .  T h e n  y o u  u s e  t h e - u s e  t h i s  w a y .  B e c a u s e  t w o  
p o i n t  c a n  d e c i d e  o n e  s t r a i g h t  l i n e ,  r i g h t ?  S o  y o u  
f i r s t  u s e  t h i s  o n e ,  d r a w  y o u r  p o i n t - d r a w  y o u r  p o i n t  
d o w n  t h e r e ;  a n d  y o u  c h a n g e  y o u r  p l a c e ,  g e t  a n o t h e r  
p o i n t ;  t h e n  y o u  c o n n e c t  t h i s  t w o  p o i n t . =  
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S l :  J O h h  
T A : J A n d  u s e  t h i s  s t r a i g h t  l i n e .  Y o u  s e e  t h e  w a y  y o u  g e t ,  
o n e  p o i n t  h e r e  a n d  a n o t h e r  p o i n t  h e r e ,  t h e n  c o n n e c t  
t h i s  t w o  p o i n t .  S o  t h i s  t h e  i n c i d e n t  r a y  a n d  r e f l e c t  
r a y ,  a n d  r e f r a c t  r a y ,  s o ,  [ l i k e  t h a t  J .  T h e n  j o i n  
y o u r ,  [  . . .  ] ,  O K .  O K .  
8 : 3 3  T A :  S o  y o u  n e e d  m o r e  h e l p  / [ w i t h  t h a t ]  
S l :  / C a n  I  s e e  y o u r  l a b  [ f o r  a  m i n u t e ? ]  
S 2 :  M h m  
T A :  [ N e e d  a  l i t t l e ]  m o r e  h e l p  h e r e .  
S l :  G o s h ,  I ' m  s o  u p s e t .  
S 2 :  S h e ' s  [ g o n n a ]  r e a d  m i n e .  I t ' s  g o n n a  t a k e  u s  a  w h i l e  
t o  g e t  o f f  a n d  r u n n i n g ,  ' c a u s e  ( s h o r t  l a u g h ,  p a u s e )  
[ A n y w a y ]  s h o u l d  t a p e  t h i s  [ s t u f f  . . .  ]  p a p e r  d o w n ?  
T A :  T h e r e ' s  t a p e  o v e r  t h e r e .  
9 : 0 5  S l :  H i ,  u r n ,  I ' m  a  l i t t l e  b i t  l a t e .  I  h a d  t o  g e t  c a u g h t  
u p  i n - I  g o t  c a u g h t  u p  i n  a  c h e m i s t r y  l a b  t h a t ,  I  
w a s  m a k i n g  u p .  
T A : H a v e  y o u  f i n i s h e d  p r e l a b ?  
S l :  U r n ,  I  d o n ' t  t h i n k  I ' v e  g o t  i t ,  n o .  U r n ,  l e t  m e  l o o k  
i t  o v e r  r e a l  q u i c k .  
( l o n g  p a u s e  w h i l e  S l  s e a r c h e s  t h r o u g h  p a p e r s )  
S l :  U r n ,  n o  I  d o n ' t ,  u r n ,  I  c a n  s i t  d o w n  a n d  w o r k - h o w  
l o n g  d o e s  t h i s  l a b  t a k e ,  a b o u t  a n  h o u r ?  l o n g e r ?  
T A : L o n g e r  t h a n  t w o  h o u r s .  
S l :  L o n g e r  t h a n  t w o  h o u r s ?  
T A : Y e a h .  O n l y  m a y b e  a b o u t  o n e  o u t  o f  t e n  s t u d e n t s  c a n  
f i n i s h  a l l .  O n e .  
S 2 :  O h ,  s o  w e ' r e  n o t  e v e n  e x p e c t e d  t o  f i n i s h ?  
T A : ( l a u g h i n g )  I  e x p e c t  y o u  t o  f i n i s h !  
( S l l a u g h s )  
T A : B u t  I  t e l l  y o u  t h a t  o n l y  o n e  o u t  o f  t e n  s t u d e n t s  c a n  
f i n i s h  t h a t .  
S 2 :  O h .  
( p a u s e )  
T A : T h i s  i s  t h e  l a s t  l a b  o f  t h i s  w e e k .  B e c a u s e  t h e y  w i l l  
c h a n g e  a l l  / t h i s  s t u f f s ,  o b v i o u s l y .  
7 9  
S 1 :  ! R i g h t .  S o  I  d o n ' t ,  
T A : H o w  m a n y  l a b s  h a v e  y o u  m i s s e d ?  
S 1 :  T w o .  
T A : T w o .  Y o u  c a n n o t  m o v e - m i s s  a n y  ! m o r e l  
S 1 :  j N o , /  I  c a n ' t .  ( p a u s e )  I ' d  b e  w i l l i n g  t o  s t a y  a  l i t t l e  
e x t r a ;  I  r e a l i z e  I ' m  t w e n t y - t w e n t y  m i n u t e s  l a t e ,  
j s o i  
T A : j O K , I  y o u  m a y  j u s t  j o i n  t h e m  a n d  u h  f i n i s h  t h e  p r e l a b  
l a t e r  a n d  j h a n d l  i n .  O K .  
S 1 :  j O K . j  W e l l - I - t h i s  w o n ' t  t a k e  m e  v e r y  l o n g ,  I  d o n ' t  
t h i n k .  
T A : N o ,  I  d o n ' t  t h i n k  s o ,  i t ' s  j u s t  s o  m a n y  q u e s t i o n s ,  i s o  
[  . • •  ] 1  
S 1 :  ! Y e a h ,  i t  s h o u l d  j u s t  t a k e  . a  m i n u t e .  
T A : Y o u - y o u  c a n - y o u  c a n  h a n d  m e  l a t e r .  I ' l l - y o u  
[ m a y ]  f i n i s h  a f t e r  l a b .  
S 1 :  O K .  
T A : ?  f i n i s h  a l l  t h i s  
S 1 :  O K  
1 1 : 2 6  S 1 :  D o  w e  b o t h  h a v e  t o  d o  o n e  o f  t h e s e ,  o r  c a n  w e  j u s t  
h o o k  ' e m  t o g e t h e r ?  I I  m e a n -
T A : j Y o u - y o u  s h o u l d  d o  y o u r  i n d i v i d u a l l y .  
S 1 :  O K  
( p a u s e )  
S 2 :  B u t  i t  s a y s - w e l l ,  i t  k i n d  o f  s a y s  t h a t  i t  c a n - : -
a t t a c h  t o  o n e  o f  t h e  o t h e r .  ( p a u s e ) [  . . .  ]  
T A : Y e a h ,  O K .  
S 1 :  S o  j u s t  o n e  p e r s o n  t h e n ?  
( n o  a u d i b l e  r e s p o n s e )  
1 2 : 0 1  S 1 :  F i r s t  q u e s t i o n :  ( p a u s e )  [  . . .  s m a l l  . . .  ]  
T A : [  . . .  J  u s e  t h i s  s m a l l  a r e a  o f  t h e  b l o c k .  T h i s  o n e .  
S 1 :  j [  . . .  J  t h i c k  [  . . .  ]  t h i c k . /  R i g h t  t h a t - t h a t ' s  
a p p r o x i m a t e l y -
T A : j Y e a h ,  y e a h . /  Y e a h =  
S 1 :  I t ' s  o n e  c e n t i m e t e r  a p p r o x i m a t e l y .  
T A : =  [ o n e ?  h a l f ? ]  c e n t i m e t e r .  T h e n  f r o m  h e r e ,  y e a h ,  
i t ' s  u n l e v e l .  S o ,  y o u  [ c a n ? )  d o  i t  r i g h t .  P u t  t h i s  
o n e  h e r e ,  a b o u t  t h e  f o r t y - f i v e t h  d e g r e e s ,  t h e n  c h e c k  
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t h e - t h i s  r e f r a c t  o n e ?  
S 1 :  M m  
T A : T h e  r e f r a c t  o n e ,  r i g h t ?  O v e r  h e r e .  A n d  t h e n  y o u  
j o i n  t h e  p o i n t ,  h o w  t o  d e c i d e  t h e  i n c i d e n t  r a y ,  y o u  
j u s t - o n e  p o i n t  h e r e - [ C a n  I ]  s e e  y o u r  p e n c i l ?  
S 1 :  M h m  
T A : Y o u r  p e n c i l ?  Y e a h ,  O K .  T h e n  j o i n  o n e  p o i n t  d o w n  
t h e r e ,  a l l  r i g h t ?  T h e n  c h a n g e  p l a c e  a n d  d r a w  a n o t h e r  
p o i n t  h e r e .  S i n c e  t h i s ' s  s t r a i - s t r a i g h t  l i n e ,  
r i g h t ?  S o  t w o  p o i n t  g e t  t h i s  [ o b v i o u s ]  s t r a i g h t . =  
S 1 :  Y e a h .  
T A : S o ,  O K  t h i s  t w o  p o i n t s  a n d  u h  t h i s  r e f r a c t e d  o n e  a l l  
r i g h t ?  [ F i n d  a ]  o n e  h e r e ,  a n o t h e r  o n e  h e r e ,  t h e n  
c o n n e c t  t h i s  t w o  p o i n t .  
S 1 :  O h ,  I  s e e .  T h a t ' s  [ w h a t ]  w e  h a d  a  p r o b l e m  w i t h  1 [  . . .  ] 1  
T A : I Y e a h ,  s a m e  w a y  r i g h t  h e r e .  [ T h e n  g o - ]  
S 1 :  I s  t h a t  a f t e r  w e  o u t l i n e - d o - d o  w e  t a k e  t h e  
m e a s u r e m e n t s  a f t e r  w e ' v e  o u t l i n e d  t h e  b l o c k ?  
T A : [ E x c e p t  f o r ]  t h i s  s t e p  y o u  d o n ' t  h a v e  t o  m e a s u r e .  
Y o u  d o n ' t  h a v e  t o  m e a s u r e  t h e  a n g l e .  Y o u  j u s t - y o u  
j u - j u s t  r e c o r d  t h i s  d o w n .  W h a t ' s  t h e - h o w  t h e  
i n c i d e n t ,  h o w  [ t h e ]  r e f r a c t s  [ o u t ] ,  h o w  t h e  
r e f r a c t ,  
S 1 :  R i g h t .  
1 6 : 1 4  S 1 :  S o  i t ' s  b e n d i n g  t o w a r d  t h e  n o r m a l .  
( l o n g  p a u s e )  
T A : Y - y o u  c i r c l e  t h e  c h o i c e  h e r e ,  t o w a r d s ,  y e a h ,  t h e  
n o r m a l .  
1 6 : 5 7  S 1 :  T h i s  i s  t h e  u h ,  t h i s  w o u l d  b e  t h e - t h i s  w o u l d  b e  
t h e  r e f r a c t e d .  
T A : Y e a h ,  r e f r a c - r e f r a c t e d  
S 1 :  T h i s  i s  t h e  r e f r a c t e d  r a y  [  . . .  ]  
T A : R e f r a c t  ( l a u g h )  H o w  t o  p r o n o u n c e ?  ( l a u g h )  R e f l e c t  
J S :  R e f l e c t e d , =  
S  1 :  R e f l e c t e d ,  r e f r a c t e d  
J S :  =  r e f r a c t e d .  
S 1 :  S o  I  j u s t  w a n n a  a s k  u r n ,  d o e s  t h e  r a y  [ e n t e r i n g  
i n d e x }  
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r e f r a c t  t o  o r  a w a y  f r o m  t h e  n o r m a l  o f  t h e  s u r f a c e .  
I f  t h i s  i s  t h e  n o r m a l  o f  t h e  s u r f a c e ?  
T A : N o ,  t h i s  i s  s u r f a c e .  
S l :  A l l  r i g h t .  
T A : N o r m a l  o f  t h e  s u r f a c e  i s  h e r e  
S l :  [  . . .  ]  n o r m a l  i s  p a r a l l e l ?  
T A : N o ,  n o r m a l  m e a n s  n o r m a l  t o  t h e - p e r p e n d i c u l a r  t o  
t h e ,  s u r f a c e .  T h a t  [ m e a n s ]  n o r m a l ,  y e a h .  
S l :  [ T h a t ' d  b e  n o r m a l ,  y e a h . ]  
T k : S o  I  d r a w  f i g u r e  o u t - f i g u r e  f o r  y o u .  [  . . .  ]  
5 2 :  S o  i s  i t ,  
S l :  S ' o  i f  t h i s  i s  n o r m a l ,  
T A : Y e a h .  S o  t h i s  i s  n o r m a l  t o  t h e  s u r f a c e ,  r i g h t ?  I f  
[ w e ]  c o m e  i n  h e r e ,  [ t h e n ]  t h i s  i s  n o r m a l ,  r i g h t ?  
5 2 :  O h ,  O K .  S o  j t h i s  i s -
T A : j S o  t h i s - t h i s  l i g h t ,  b a c k  h e r e ,  t h i s  l i g h t  g o  t h i s  
w a y .  
S l :  N o w  w h i c h - n o w  w - w a i t  i f  j t h i s  o n e - i f  t h e  n o r m a l - /  
S 2 :  / T h i s  i s  t h e  n o r m a l  t h e n . /  T h a t ' s  r e f r a c t e d  t o w a r d  t h e  
n o r m a l .  
T A : Y e a h  
S l :  I f  t h a t ' s  t h e  n o r m a l ,  t h e n  u r n ,  h o w  i s  i t  t o  o r  a w a y  
f r o m ?  
T A : T o  o r  a w a y  f r o m ,  y o u  c a n - [ h a v e ]  y o u  d r a w  o n  t h i s  
o n e ?  O K .  P u t  t h i s  o n ,  O K ?  T h e n  c o n n e c t  t h i s  l i n e s  
t o  t h i s  p o i n t ,  r i g h t ?  C o n n e c t  t h i s  l i n e s ,  t o  t h i s  
p o i n t .  T h e n  c o n n e c t  t h i s  t w o  l i n e s  [ a n d ]  t h i s  i s  t h e  
o u t e r  l i g h t  g o i n g  i n s i d e  t h i s , =  
S l :  M h m  
T A : =  r i g h t ?  S o  y o u  c a n  s e e  [  . . .  ] .  T h e n  y o u  j u d g e  t h i s  [ i f ]  i t ' s  
t o w a r d s  o r  n o r m a l - t o w a r d s  o r  a w a y  m e a n s ,  t h i s  i s  
s u r f a c e  O K  a n d  t h i s  o n e  c o m i n g ,  r e f r a c t [ i n g ]  t o  t h i s  
w a y .  I f  t h e  a n g l e  i s  s m a l l e r  t h a n  t h i s  o n e ,  t h i s  
m e a n  t o w a r d  [  . . .  ] , t o w a r d  [  . . .  ] ,  / r i g h t ? =  
S l :  j O h ,  I  s e e  
T A : =  l a r j g e r  t h a n , /  i s  a w a y  / f r o m / =  
5 2 :  / M m m  O K /  
S l :  j O h , j  I  s e e  j O K .  N e v e r m i n d . j  
T A : =  I O K ? I  
- - · - - ·  - · - - - - - - - - - - - - - - -
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5 2 :  ! A l l  r i g h t . j  S o  w e  h a v e  t o  d o  t h e m  a l l .  
2 1 : 0 1  T A :  T h i s  i s  z e r o ?  
S 1 :  Y e a h .  
T A :  [ O h ]  
S 1 :  ' C a u s e  I  m e a n  n o t h i n '  r e f l e c t e d  o f f  t h e  w h i t e  c a r d .  
Y o u  c o u l d  j u s t  s e e  t h e  d o t  o n  t h e  c a r d .  
T A :  O K ,  l e t  m e  s e e  t h i s .  [ Y e a h ] ,  t h e y  w e r e .  O K .  [  . . .  ]  
S 2 :  W h a t ' s  t h a t ?  [ . j  . .  ] j  d i f f u s e  [ a n d ]  t h e  o t h e r  o n e ,  [  . . .  ]  
T A :  I I  d o n ' t  k n o w . j  [  . . .  ]  c h e c k  t h e ,  f i r s t  p a g e  h e r e .  T h e y  d i s c u s s  
a b o u t  [ i t ] .  
( f l i p p i n g  p a g e s )  
S 2 :  T h e r e  y o u  g o .  S p e c u l a r  l a n d  d i f f u s e !  
T A :  ! T w o  k i n d  o f - 1  y e a h ,  t w o  k i n d  o f  r e f l e c t i o n .  
S 2 :  [  . . .  ]  
T A :  S o  y o u  - y o u - y o u  w u - j u s t ]  t o  w h i c h  k i n d  o f  r e f l e c t i o n  
[  . . .  ] ?  
S 2 :  W h a t  w o u l d  t h e  c a r d  b e .  D i f - d i f f u s -
5 1 :  T h e  c a r d  w o u l d - d i f f u s i o n  a n d - w h a t  q u e s t i o n ' s  
[ t h a t  f r o m ? ]  
S 2 :  W h a t  d o e s  i t  m e a n ,  d i f f u s e d ? =  
5 1 :  O h ,  O K .  
S 2 :  =  W h a t ' s  t h e  w o r d ?  
S 1 :  D i f f u s e d  a n d ,  
S 2 :  S p e c u l a r  
S 1 :  S p e c u l a r  
2 3 : 0 3  T A :  O K ,  b e f o r e  y o u  d o  t h i s ,  h a v e  y o u  c h e c k e d  t h e  
[ a n s w e r s ]  e x a c t l y  f r o m  J z e r o j  t o  1 8 0 ?  
S 1 :  ·  j Y e s . j  Y e a h ,  w e  d i d .  
T A :  ' C a u s e  t h a t ' s  n o t  o n e  h u n d r e d -
5 2 :  W e l l ,  t h a t ' s  b e c a u s e  w e ' v e  h a d  t h i s  i n  t h e r e .  
T A :  O h .  
2 3 : 4 6  S 1 :  [ W h e n  t h e y ]  a s k  y o u  t o  e x p l a i n  r e s u l t s ,  t h e y  s a y  
u h ,  · h a s  i t - t h i s  i s  t h e  [ b l o c k ] - d o e s  t h e  r a y  
e n t e r i n g  t h e  b l o c k  [  . . .  ]  r e f r a c t  t o w a r d  o r  a w a y  f r o m  
t h e  n o r m a l  t o  t h e  s u r f a c e .  T h e y  s a y  t o w a r d .  T h e y  
s a y  e x p l a i n  t h e  r e s u l t . =  
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T A : M h m  
S l :  =  L i k e  I  h a v e  t o  e x p l a i n  w h y  i t ' s  g o i n g  t o w a r d ?  
T A : Y e a h ,  w h y  i t ' s - w h y .  
S l :  W h y .  
T A : Y e a h ,  y o u  k n o w  t h a t  t h i s  a n g l e  i s  a  s m a l l e r ,  t h a n  t h e  
i n c i d e n t  a n g l e ,  r i g h t ? =  
S l :  M h m  
T A : S o  t h a t ' s  t h e  r e a s o n  i t ' s  t o w a r d .  S o  a s k  y o u r  
q u e s t i o n  o n e  m o r e ;  u h  t h e n  w h y  t h i s  i s  s m a l l e r .  
( p a u s e )  H a v e  y o u  l e a r n e d  i n  c l a s s  a b o u t  S n e l l ' s  L a w ?  
S l :  Y e a h  
S 2 :  [ M h m ]  
T A : S o  a c c o r d i n g  t o  t h i s  l a w ,  n  o u t s i d e - n - n  i n  t h e  
a i r  i s  a  o n e ,  r i g h t ?  B u t  i n s i d e  t h i s  o n e ,  i s =  
S l :  n 2 .  
T A : =  n 2 .  A n d  t h i s  w a y  [ t h e ]  a l w a y s  l a r g e r  t h a n  t h i s  
.  h ?  
o n e ,  n g  t . =  
S l :  M h m  
T A : =  [ U s u a l l y ]  a b o u t  o n e  p o i n t  · f i v e ,  o r  o n e  p o i n t  t h r e e ,  
b u t  i n  t h e  a i r  i t ' s  o n e -
S ? :  [ n - J  i t ' s  l i k e  r e a l l y  s m a l l  
T A : Y e a h  y e a h .  S o  t h a t ' s  t h e  r e a s o n  w h y  t h i s  a n g l e  i s  
m o r e  s m a l l .  
S l :  [ B u t ]  t h e  f a c t  t h a t  t h i s  s u b s - t h a t  t h i s  w h a t e v e r  
t h i s  s u b s t a n c e  i s  h a s  a  u h  l a r g e r , =  
T A : Y e a h ,  a  l a r g e r  
S l :  =  q u a n t i t y ,  b u t - w h a t  d o  t h e y  ! c a l l  i t  
T A : I I n d e x ,  y e a h  i n d e x  
S l :  i n d e x  
S 2 :  S o  c o u l d n ' t  w e  j u s t  w r i t e  d o w n ,  S n e l l ' s  L a w ,  o r  
w h a t e v e r  t h a t  i s ?  
S l :  [  . . .  ]  
T A : [  . . .  J  t h e  i n d e x  o f  t h i s  l m a t e r i a l l  i s  l a r g e r  t h a n  [ i n ]  
t h e  a i r .  
S 2 :  1 [  • • •  ] .  O h ,  O K . j  
T A : j S o - 1  y e a h  
S l :  [ F o r  i t  l e a v e s ]  
T A : S a m e - s a m e  w a y  f o r  t h e  s e c o n d  p a r t .  
S l :  F o r  t h e  w a y  i t  l e a v e s ,  i s  i t  t h e  i n d e x  o f  t h e  
- - - - - - - - - - - - - - - - - - - - -
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m a t e r i a l s  j [  . . .  J  
T A : j Y e a h ,  l a r g e r  t h a n  o u t s i d e  
S 1 :  [ i n  t h e  a i r ]  Y e a h ,  w h e n  i t  c o m e s  o u t  
2 5 : 2 0  S 1 :  I s  t h i s  a  q u e s t i o n  o r  i s  t h i s  j u s t - I  m e a n  a r e  w e  
s u p p o s e d  t o  d o  s o m e t h i n '  h e r e ,  [ n ]  i s  t h a t - j o r  a r e  t h e y  
j u s t  s h o w i n g  u s  t h a t ?  I  
T A : j N o ,  n o , !  n o .  
S 1 :  O K  
T A : [ Y o u  u s e  t h a t ]  h e r e .  
S 2 :  [ A l l  r i g h t . ]  I  d i d n ' t  k n o w  i f  w e  h a d  t o , =  
T A : U s e  t h i s  a r t z .  y o u  c a n  ! e i t h e r  w a y .  Y o u  c a n  u s e  t h i s  
o n e !  o r  a l s o  u s e  t h i s  o n e . =  
S 1 :  =  I R e - e n a c t  t h e  e x p e r i m e n t  o n  i t ? !  O K .  
T A : =  I t ' s  t h e  s a m e .  
2 5 : 4 9  T A :  H e r e ,  b e f o r e  y o u  d o  t h i s - t h i s  p a r t ,  y o u  [ s e t ?  
a d j u s t ? ]  t h i s  o n e  e x a c t l y ,  g o i n g  [ i n ]  z e r o  d e g r e e s  
o u t  1 8 0 .  
S 1 :  D o  w h a t  n o w ?  
T A :  Y e a h .  I  m e a n  [  . . .  i n c i d e n t ]  r a y  g o i n g  i n  a t  z e r o  
d e g r e e s ,  o u t s i d e - o u t  a t  1 8 0  d e g r e e s  [ ( C R A S H ! )  . . .  ]  
T h a t ' s  [ b e t t e r ] .  B e c a u s e  t h i s  t i m e s  y o u - y o u  
s h o u l d - y o u  w a n t  t o  m e a s u r e  t h e  a n g l e . =  
S 1 :  O h h  
T A :  = W h e n  y o u  s e t  t h e  w h i t e  p a p e r  o n  t h e r e  y o u  n e e d  n o t  
k n o w  t h e  a n g l e - w h a t ' s  t h e  e x a c t  a n g l e ,  s o  y o u -
i f - i f  t h i s  i s  [ e n o u g h ]  s t r a i g h t  i t  d o e s n ' t  m a t t e r , =  
S 1 :  O h h  
T A :  =  b u t  h e r e  y o u  w a n t  t o  m e a s u r e  t h e  a n g l e  [  . . .  
s e v e n ? ] .  I t ' s  e x a c t l y  a n g l e , =  
S 1 :  O h  
T A :  =  z e r o  a n d  1 8 0 .  [ A l l  r i g h t ? ]  
2 7 : 0 8  S 1 :  [  . . .  y o u  h a d  s e t  i n  h e r e ,  r i g h t ?  . . .  ]  
( p a u s e )  
T A : [  . . .  J  
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S 2 :  [ J u s t  g o  d o w n  . . .  o f  t h e s e  o n  b o t h  o f  t h e s e  p a r t ? ]  
T A : O h ,  h e r e .  Y o u  n e e d  n o t  t o  d r a w  t h e  f i g u r e  e v e r y  
t i m e s .  Y o u  j u s t  s e t  t h i s  p a p e r  o n  t h e r e ,  a n d  l e t  t h e  
l i g h t  g o  i n .  [ a t ]  z e r o  d e g r e e s =  
S 1 :  M h m  
T A : =  a n d  o u t  a t  1 8 0 , =  
S 1 :  M h m  
T A : =  O K ?  H e r e  i t  s a y s  t h e  o r i e n t a t i o n  o f  reflectjing~ 
s u r f a c e  m e a n s  w h a t e v e r  [  . . .  w e ]  h a v e  z e r o ,  1 8 0 ,  
r i g h t ?  S o  1 2 0 ,  i s  h e r e . =  
S 1 :  M h m  
T A : 1 2 0  a n d  3 0 0 .  S o  h e r e ,  t h e n  y o u  [ r e a d ] :  W h a t ' s  t h e -
w h a t ' s  t h a t  a n g l e ?  [ I f ]  t h i s  ! i n c i d e n t  a l w a y s  I  z e r o ,  
r i g h t ?  ! S o  i t ' s  [  . . .  ] · I =  
S l :  I T h a - t h a t ' s - t h a t ' s  [ w h a t  1 - J I  
T A : =  O K .  S o  t h i s  i s  t h e  d i r e c t i o n  o f [  . . .  ] .  T h e  
! d i r e c t i o n  o f - 1  
S 2 :  ! T h e  a n g l e ? !  
T A : N o  n o ,  t h i s  i s  d i r e c t i o n .  
S 2 :  S s s i x t y - e i g h t - s i x t y -
T A : Y e a h ,  s i x t y - e i g h t ,  d e g r e e ,  y o u  j u s t  [ w r i t e  t h e  . . .  ]  
i n  d e g r e e s .  S o  s i x  d e g r e e s  i s  t h e  d i r e c t i o n  o f  t h e  
r e f r a c t e d  o n e .  A n d  d i r e c t i o n  [ o f  t h e ]  n o r m a l  i s  [ t o  
1 2 0 ] ,  r i g h t ?  A n d  m i n u s  8 0 - 8 0 - u m  m i n u s  9 0 0 - 9 0  
d e g r e e s ,  i t ' s  t h e  n o r m a l ,  r i g h t ?  S o  i t ' s  3 0  d e g r e e  
i s  t h e  d i r e c t i o n  o f  n o r m a l .  S o  r e f l e c t  a n g l e  i s  
r e f l e c t  b e a m  b e t w e e n  t h e ,  a n d ,  t h e ,  n o r m a l .  S o  i t ' s  
[  . . .  ] , w h a t ' s  t h e  [  . . .  ]  a g a i n ?  
S 1 :  ( m u r m u r s )  
T A : S o  i t ' s - t h i s  t i m e s  y o u  d o n ' t  h a v e  t o  d r a w  t h e  
[ f i g u r e  t h e r e ] ,  y o u  j u s t  r e a d  [  . . .  ] .  I t ' s  v e r y  [  . . .  ] .  
O t h e r w i s e  y o u  w i l l  [  . . .  ]  t i m e s .  
S 2 :  A l l  r i g h t .  
2 9 : 1 6  S l :  W h a t  w a s  t h e  n e x t  p a r t - I  m e a n  r e f l e c t e d  b e a m s  
a l o n e ?  [ T w o  r e f r a c t e d ,  t w o  r e f l e c t e d  . . .  ]  S o ,  w h a t  
d o  1 - t h e r e ' s  o n l y - s h a l l  I  p u t  " t w o "  d o w n ?  
T A : T w o ,  y e a h .  
S l :  A l l  r i g h t .  
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T A : H o w  m a n y  r e f r a c t e d ,  n o t  i n c l u d e  ! r e f r a c t  
S l :  ! A n d  t h a t - t h a t ' s  t h e - t h a t ' s  t h e  r e r - ,  
T A : Y e a h ,  t h i s ' s  t h e  r e f r a c t e d ,  y e a h  
S l :  R e f r a c t e d  b e a m .  T h i s  i s  r e f l e c t e d .  
T A : [ I t ' s  t h e  . . .  ]  
S l :  A l l  r i g h t .  S o  w h a t  I  [ w a n t ]  i s  t w o .  
S 2 :  S o  i s  w h a t  I  w r o t e ,  w h a t  i t  i s ?  I s  t h a t  r i g h t ?  
T A : H m ?  [ Y o u ' r e ?  w h a t ? ]  o n  t h i s  o n e ?  
S l :  Y e a h ,  t h e  t h i n g  i s  s h e - w e - w e ' r e  s t i l l  d o i n g -
5 2 :  Y e a h ,  I  h a v e  t h r e e  i m a g e s .  
T A : Y e a h ,  i t ' s  t w o .  _  
S l :  ! [ B u t  i t ' s - t h a t ' s  o n l y  t w o . ] !  
T A : j [  . . .  ] j  h o w  m a n y  r e f r e c t e d  b e a m s  c a n  j y o u  s e e . !  
S l :  ! R e f l e c t e d . !  W e ' r e  o n l y  d o i n g  r e f l e c t e d  [ o n  t h i s - ]  
S 2 :  O h !  W e ' r e  o n l y  d o i n g  r e f l e c t e d . =  
T A : Y e a h  [  . . .  ] .  
S 2 :  =  O h , O K .  W e l l ,  I  w r o t e  d o w n  t h e n  a l l - a l l  t h r e e  
b e a m s .  I s  t h a t - i s  t h a t  r i g h t  t h o u g h ,  w h a t  I  w r o t e ?  
S l :  [ Y e s ,  t h e  t h i r d  . . .  ]  r e f l e c t e d  o f f  t h e  f i r s t  s u r f a c e  
i n  t h e  b a c k .  
( p a u s e )  
S 2 :  T h e n  [ t h i s  g o e s  t o  t h e ]  r e f l e c t e d  o n e s ?  ( p a u s e )  I s  
t h a t  r i g h t ?  
T A : Y e s  
S 2 :  O K .  G o o d !  
3 0 : 5 5  S l :  W e  h a v e  t w o  r e f l e c t e d .  D o e s  i t  m a t t e r  w h i c h  o n e  w e  
m e a s u r e ?  ( p a u s e )  [  . . .  ]  
T A : ( l a u g h s )  Y e a h .  O K  t h i s  o n e  [ w i l l  b e  . . .  ]  p r o b l e m .  
[  . . .  ]  y o u  s e e ?  
S l :  O h !  [ I ' m  s o r r y  . . . .  ]  
3 2 : 3 1  S l :  S o ,  w h e r e  d o  w e  m e a s u r e  f r o m ?  O K ,  i t ' s  5 9 ,  b u t  d o  j w e  
m e a s u r e  f r o m  [  . . .  ]  
S 2 :  I [ O h ,  m e a s u r e  f r o m  t h e  n o r m a l ? ]  
T A : N o .  H e r e  i ( s )  t h e  d i r e c t i o n .  [ W e  c a l l  i t ]  d i r e c t i o n  i s  j u s t -
j u s t  w h a t  d o  y o u  r e a d ?  5 9  o r  6 0 ,  r i g h t ?  S o  t h a t ' s  t h e  d i r e c t i o n .  
T h e n  d i r e c t i o n  o f  n o r m a l ,  s o  t h i s  i s  n o r m a l ,  n o r m a l  i s  3 0  d e g r e e s ,  
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r i g h t ?  I t ' s  1 2 0  m i n u s  9 0  d e g r e e s  i s  3 0  d e g r e e s ,  s o  t h e  d i r e c t i o n  o f  
s - t h e  n o r m a l  i s  3 0  d e g r e e .  T h e n  t h e  a n g l e  o f - o f  r e f r a c t i o n  
[ i n ]  - t h a t  m e a n s  b e t w e e n - r e f r a c t  m e a n s  [ n ]  n o r m a l ,  r i g h t ?  S o  
[  . . .  a n g l e ] .  [ a n ]  i n c i d e n t  [ a n d ]  z e r o .  S o  i n c i d e n t  a n g l e  i s  
i n c i d e n t  r a y  b e t w e e n - b e t w e e n  t h e  i n c i d e n t  r a y  a n d  t h e  n o r m a l .  S o  
[ y o u ?  w e ? ]  g o  d o w n  h e r e .  A n d  5 9 ,  
S l :  5 9  
T A : Y e a h .  A n d  t h i s  i s  3 0 .  A n g l e  o f  i n c i d e n t - i n c i d e n t  
_ i s  z e r o ,  r i g h t ?  I t ' s  a l w a y s  [ s e t ]  a t  z e r o ,  r i g h t , =  
S l :  O h ,  j y e a h  
T A : =  j s o  t h i s  i s  3 0 . =  
S l :  R i g h t  
T A : =  A n g l e  o f  r e f r a c t i o n ,  b e t w e e n  t h i s  t w o  d i r e c t i o n s ,  
s o  i t ' s  u h  5 9  m i n u s  1 3 0 .  
S l :  1 3 0 .  O K .  
( p a u s e )  
S l :  S o  t h e  a n g l e  o f  i n c i d e n c e  i s  z e r o ,  r i g h t ?  
T A : Y e a h ,  j y e a h .  
S 2 :  ! Z e r o ! ? !  F o r  a l l  o f [  . . .  ]  
S l :  T h e y ' r e  a l l  z e r o s ?  
T A : A l l  z e r o .  N o  n o !  T h i s  i s  a n g l e  o f  i n c i d e n t .  [ I  
m e a n t ]  d i r e c t i o n  o f  t h e  i n c i d e n t  i s  z e r o .  
S l :  S o  i t ' s  3 0 .  
T A : S o  3 0 ,  y e a h .  
S 2 :  O K .  S o ,  
T A : ( l a u g h s )  M a k e  s u r e  y o u  h a v e  t h e m  d o w n  O K  t h o u g h .  
S 2 :  O K ,  s o  o n e  m o r e  
T A : [ I t ' s  a i r c o n d i t i o n e d ,  I ' m  s o  h o t ! ]  
3 4 : 2 0  S l :  [  . . .  ]  
T A : O h .  Y o u ' r e  o n  t h e  s e c o n d  p a r t .  
( p a u s e )  
S l :  [ S o ? ]  
S 2 :  I s  t h a t  r i g h t ?  
T A : W h a t ' s  t h i s ,  f i v e ?  
S 2 :  F i v e .  
T A : H m m n o  
{ p a u s e )  
S l :  1 1 0 .  
- - -
S 2 :  M h m .  
S 1 :  [  . . .  ]  O K .  S o ,  
T A : W h a t ' s  t h e  a n g l e  h e r e ?  
S l :  1 8 5 .  
T A : 1 8 5 .  O K .  
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S l :  O K ,  I  s e e .  I t  w o u l d  b e , - t h i s  i s  t h e  n o r m a l  s o  t h i s  
i s  t h e - t h e  a n g l e  t h a t  w e  w a n t ,  s o  t h a t  ! w o u l d  b e ,  
1 5 . 1  
T A : I Y e s ;  y e a h , l  y e s .  
S 2 :  O K .  
( p a u s e )  
S 1 :  O K .  
T A : S o  h e r e ,  d i r e c t i o n  o f  n o r m a l  a c t u a l l y  i s  t w o ,  r i g h t ?  
[  . . .  o n e ]  i s  u h  1 1 0 ,  s o  i t ' s  2 0  d e g r e e s . =  
S l :  O h  
T A : =  S o  2 0 0 . =  
S 1 :  Y e a h  
T A : =  S o  t h i s  s u r f a c e  o u t  t o  t h i s  s i d e  n o r m a l l y  2 0 0 .  [  . . .  ]  
f o r  t h i s  s i d e  i t ' s  u h  2 0 .  1 S o -
S 1 :  ! W h a t  d o  w e  d o  r i g h t  h e r e ?  
T A : O h .  O n e  t w o - o n e  i s  f o r  s i n e  t h e t a  1 .  C o l l u m n  o n e  
y o u  f i l l  o u t - f i l l  i n  t h e  s i n e  t h e t a  1 .  T h e n  f o r  
t w o ,  y o u  j h a v e L  s i n e  t h e t a  2 .  T h e n  t h r e e ,  [ y o u  h a v e ?  
u s e ? ]  s i n e  t h e t a  1  o v e r  s i n e  t h e t a  2 .  
( l o n g  p a u s e )  
S 2 :  O K .  
3 6 : 0 7  S l :  [  . . .  ]  u h ,  t h e r e  a r e  n o  r e f l e c t i o n s  f o r  t h i s .  O n l y -
o n l y  o n e  p o i n t ;  t h a t ' s  [ w h e r e ]  t h e  l i g h t  h i t s  t h e ,  
T A : R e f l e c t i o n  [ m e a n s ]  h o w  m a n y  y o u  c a n  s e e ,  [ y e a h . ]  
T h e r e ' s  n o  s p e c u l a r  r e f l a c t i o n .  R i g h t ?  N o  l i g h t  i s  
[  p o i n t - ]  t h e r e ' s  n o  p o i n t  h e r e . =  
S l :  Y e a h .  ·  
T A : =  S o  t h a t  m e a n s  n o  s p e c u l a r  r e f l e c t i o n ,  b u t ,  t h e r e ' s  
r e f l e c t i o n  d o w n  t h e r e ,  y o u  s e e ?  I t - i t ' s - i t ' s  
r e a l l y  d o w n  t h e r e .  S o  i t ' s  t h i s  k i n d ,  t h i s  [ i t ]  
d i f f u s i o n .  [ L o o k  b a c k ,  h e r e . ]  T h e r e ' s  t w o  k i n d  o f  
r e f l e c t i o n .  
S l :  I  s e e .  
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T A : O K .  
S 1 :  S o ,  t h a t ' s  t h i s - t h i s  i s  t h i s  u r n ,  t h i s  h a s  s p e c u l a r  
r e f l e c t i o n  a n d  [ t h i s  h a s  d i f f u s i o n ]  
T A : Y e a h ,  t h i s  o n e  h a s  s p e c u l a r ,  r i g h t ?  
S 1 :  I  s e e .  S o  i t ' s  t h a t  u r n  [  . . .  ]  
3 7 : 5 4  S 1 :  [  . . .  ]  S o  t h e  o n l y  o n e  w e  h a d  o f f  w a s  t h i s  o n e .  
T A : M h m  
S 1 :  T h e  r e s t  o f  ' e m  a r e  [ a l m o s t  t h e  . . .  ]  
T A : E x p r e s s  i n  d e g r e e .  
S 1 :  [  . . .  ]  
T A : A c c u r a c y .  W - o n e  m e a n s  1 0 0  p e r c e n t  o f f .  
S 1 :  H m ?  
T A : 1 0 0  p e r c e n t  o f f ?  
S 1 :  W e l l  n o ,  i t ' s - i t ' s  a l m o s t - i t ' s  a  h u n d r e d  p e r c e n t  
r i g h t .  E x c e p t -
T A : ( l a u g h i n g )  1 0 0  p e r c e n t  r i g h t !  [ O K ,  O K ,  y e a h  
S 1 :  [ W e l l ,  i s n ' t  i t ?  
T A : Y e s ,  b u t  [  . . .  J -
S 1 :  T h a t ' s  w h a t  i t ' s  s u p p o s e d  t o  b e .  
T A : B u t  h e  a s k e d  w h a t ' s  t h e  a c c u r a c y .  S o  i t ' s - e x p r e s s  
i n  d e g r e e  m e a n s - y o u  s e e ,  t h i s  i s  o n e  d e g r e e  o f f ,  
r i g h t ?  T h i s  i s  [ [  . . .  ]  s o - [  
S 1 :  [ S o  I  p u t  " ' o n e  d e g r e e [  o f f " ?  " P l u s  o r  m i n u s  o n e  
d e g r e e " ?  
T A : Y e a h ,  p l u s  o r  m i n u s  o n e  d e g r e e .  T h a t ' s  w h a t  h e  a s k .  
S 1 :  O K .  
3 8 : 5 3  S 1 :  N o w  w e  s h o u l d  s t a r t  o u t  w i t h  t h e  o n e s  t h a t  t h e y  g i v e  
u s  r i g h t  h e r e ?  
S 2 :  [ I  w a n n a  c o p y  t h a t  d o w n .  Y o u r  g r a p h . [  
T A : [ H m ?  Y e a h ,  o n e  h u n d r e d  t e n . [  
S 1 :  1 [ 1 2 0 ,  1 2 0 ]  I  
T A : 1 2 0 ,  O K .  
S l :  S h o u l d  w e  t u r n - i t  d o e s n ' t  m a k e  a  d i f f e r e n c e  [ r i g h t ]  
w h e r e  w e  a r e  o n  t h e  p l e x i g l a s s  b l o c k ,  r i g h t ?  
T A : I t  d o e s n ' t  m a k e  a  d i f f e r e n c e  b e c a u s e  i t  o n l y  
c o n c e r n e d  a b o u t  r e f r a c t  o n e .  Y o u ' r e  n o t  c o n c e r n e d ,  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
90 
(pause) 
Sl: Can we use- we use this to mark off-
TA:Mhm, mark off what's the refract angle 
S2: We've got two of 'em. . 
TA:Only [recorded] this one, the strong one.= 
S3: OK 
TA:= This way if[ ... ]. (pause) fifty-nine. (pause) 
Then, you- you need not to draw this one; just read 
from here. 
S1: All right. That's right, it's just all the way 
around this thing. Yeah, I see. It's 59 degrees. 
S3: 59 degrees. 
TA:No no no no 
S3: But- that's right, it's from- from- from the-
TA:Yeah. Direction [is a] 59 degrees. 
S3: Yeah. 
S1: OK. 
S3: And then- then we in- then we- we compute all- we 
have th- we have the direction of the normal so-
normal surface, then we compute all these out? 
TA:Mhm. 
S3: I see. But still, we put down 59 degrees. 
TA:Yeah. This is the dire- direction. Then what's the 
direction of [the] normal? 
S1: Urn it's- that's the exact opposite [of this one 
should be. So it's 40 ... it's 180 ... ] 
TA:You show- what's the direction of normal? You show 
me, you jjust show me. 
S1: !Yeah, it's 90 degrees- 90 degrees [ ... ] that one, so 
that should be uh 30,= 
TA:Yes. 
S1: = 30, 
S3: 30 across from ... 30-210. 
S1: Yeah, 30-210. (pause) So we just put down 30-210 
[or something]? 
TA:Yeah [ ... ] probably just- you just record down 30 
because [the with given the consider] the refracted 
ones [ ... ] from this side. 
S1: Oh thats true. OK, we're only work: Yeah! 
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S1: Oh, not from the- not the [ ... ],= 
TA:Yeah. 
S1: =I see. So it's 30. Same thing. 
S3: [Oh, ... ]the graph. 
S2: Yeah, 'cause the-
51: And the angle of [refraction] would be 29 degrees. 
Or- it's hard to read my writing. 
TA:Now w- what did you [learn] in class. 
Sl: Hm? 
TA:Wha- what's the relation between incident angle and 
[then] refract angle? 
S1: Urn they should be jabout- they should be-l they 
should be the same. 
S2: !They should add up.j 
S3: Yeah, just [them s-] 
TA:[ ... ] Yeah this probably just verify this law. It 
means incident angle is uh exact equal to the refract 
angle. But here, it's the measurement with error, 
jso,= 
Sl: IYeah 
TA:= not exact same, but you can see, it's pretty 
close, right? OK. Then you change [your? the?] 
angle and verify it again. Sometimes the- maybe 
this angle- this 
law just- just uh [veri for] small angle not for 
large angle, so you-
51: Yeah 
TA:next step so you just change angle and for seeing, 
how 'bout that angle. 
S3: All right. 
S1: And [ ... ] should we do, urn, just these three? 
TA:Hm? 
S3: Do we do just these three? 
TA:Yeah, all these three. 
S1: All right. 
TA:We change- it's- [it's ... ] 
S1: Yeah, it'll go real quick. 
43:06 Sl: So it's 360 minus 290, so that'll be, between zero 
and back to 290, [ ... ] 110. 
S2: Are you sure? 
Sl: Yeah, I think so. 
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S2: How do we figure out the angle of inci/dence? 
Sl: /Oh, no we don't. [refract] 20 degrees. You're 
right, 20 degrees. 
TA:The direction of[ ... ] is 7.5? 
(pause) 
TA:What's this [angle]? 
S2: Huh? 
Sl: Yeah, that's what it is; I don't know if it's 
right. 
TA:What's the refract one? Refract one- refract one is 
here, isn't it? 
Sl: Mhm 
TA:So what's the- what's the- what's the [ ... J-
Sl: Don't you just measure it from the normal? 
TA:No. Direction you just measure the /[ ... ] 
S?: ![Why don't you reach ... ] 
S?: All right. 
S?: It's 186.5 there. 
TA:And you calculate what's direction of normal [ ... ] 
then take the difference between, the direction of 
normal and the direction of refraction. 
Sl: All right. The angle, 
S2: So it should be, 
Sl: Don't we measure this from the normal? 
S?: The refraction's gonna be [ ... ] 
TA:Angle of incidence, yeah, from the normal. 
S?: So it's 13.5 /here? 
TA:/No no no no. Oh- no no no, angle of incidence, it's 
uh 20, right? /Because incident [ ... J-
S?: /Yeah, I can see that. I'm talking Cl.bout this one. 
TA:OK, OK. This one- this one- 20 degrees, it's for 
this side. 
S?: Right, and it's /200-
TA:/200 for this side 
S?: Right. 
TA:[ ... J big difference between 200 /and [ ... ] 
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S?: 1200 and 186 is 13.5. 
S?: [That's ... ]that's what I thought. 
S?: [All right, all right.] 
TA:Yeah, and then-
S?: IOK, I see the difference herel 
TA:Iyeah, one is- one isl the sine theta one, two is 
the value of sine theta 2, and three is the value 
of sine theta 1 over sine theta 2.= 
S?: OK 
TA:= OK? 
S?: OK then, so it's- so it's sine, 
TA:Theta 1 
S?: OK. Thank you. 
45:08 TA: You're doing very quick. 
51: Huh? 
TA: You're doing really quick. 
51: Really quick? 
TA: Uh-huh. 
(pages flipping) 
TA: Yeah, you can finish all. It's very interesting the 
last part. 
51: The last part of it? 
52: That's not fair everybody's [?so fast] 
51: Yeah! 
TA: That's fair! You can learn more! 
(laughter) 
TA: Right? You pay same tuition and gets more knowledge, 
(laughter) [ ... ] not for you! 
46:42 Sl: ... 60, so we get the same thing. We should get the 
same thing, right? 
TA:Mhm 
Sl: It's 120 minus, 60. OK. 
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Tape: TAl Side B 
1:10 Sl: [Are] we s'posed to use the angles for our graph or [use] 
the sine? 
TA:[Yes,] sine. 
Sl: Use sine for 'em? 
TA:Yeah. 
Sl: OK. 
TA:There's no, obvious relation between theta one and theta 
two. 1[ ••. ]-
Sl: !OK. 
TA:Between sine theta one and sine theta (two) [this is 
true value]. 
Sl: OK. 
2:12 Sl: Is it all right that we urn, find the exact center of 
the thing as we measure it out?= 
TA:Mhm 
Sl: = [Wall mark]= 
TA:Mhm 
S 1: = This plexiglass [ ... ] 
TA:Yeah, it shows [that] exact. 
Sl: Yeah, it's exact center. 
TA:Mhm 
Sl: [And so put this sill] underneath the, light. So, as 
long as it doesn't come- as long as the laser's, 
underneath that, we're fine? Or if the laser's above 
the mark, we're fine? 
(pause) 
TA:Oh. I think that's OK. That means it's at- at the 
same[ ... ]. 
Sl: Hm. All right. 
TA:Mm. [If I set it] over 120 and [110], what's the 
angle here on this side? 
·SI: 110- 110 to 90. 
TA:Yeah. [ ... ]110 [here]. This time you, only need to= 
Sl: [ ... ] use !the refracted. 
TA:= !measure the refracted. 




S1: OK, so it'd be ... [(mumbling) ... so this would be 
... ] that would be 20. 




TA:= 200 /for this side./ 
S1: /Oh I see,/ yeah. 
TA:So the angle [of ... ] this [way? one?] 
S1: It's right where it's [perpendicular] to this side, we 
take the normal from this side? 
TA:/Yes, [ ... ]. 
Sl: /All right. 
TA:But when you consider the, angle of incident, you 
consider the normal is 20. The incident zero. 
/[That's fine? why?]/ 
S1: /Oh, OK./ Just take it from the incident. 
TA:Mhm. 
Sl: I see. Angle of incidence would be ... ( mumbling) 
TA:/Angle of-1 
S 1: I Even though-! even though the urn, even though the 
direction of normal of surface is 200,= 
TA:Mhm 
S1: = the angle of incidence would just- would be 20 
degrees? 
TA:Yeah, 20 degrees. 
S1: All right. 
TA:Because incident always zero. 
S1: Yeah 
TA:Direction of incident always zero, so, normal is 20 
so, incident angle is 20. 
S1: All right. 
TA:So this- the refraction angle [ ... ] here. This is 
refraction beams, this normal beams, and the angle 
between them, so it's 200 minus, 106. 
S1: [ ... ],yeah. 
TA:Mhm 
S1: OK, so-
52: [ ... ?] 
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TA:For one two three here, the columns, one is the value 
of sine theta one. Two is the value of sine theta 
two. And three is the value of sine theta one, over 
sine theta two. 
S?: Nokay. 
5:28 S1: So we rotate it this way, until it disappears 
pretty much? 
TA:Yeah. Either way you can [ ... ]. But this time you 
shoulda had this one at the center. OK, otherwise, 
incident [here] not normal to the- to this surface. 
[ ... ] incident is not normal to this- this surface, so 
we shoulda set this one exact [ ... ] · 
S1: Yeah. 
TA:Then you change angles. 
S1: OK. 
TA:This [ ... ],(pause) [ ... ]? ![Disappeared.]= 
S1: IYeah. 
TA:= This is refract one. Right? Refract one 
disappeared, so, this is critical point. 
S1: So what's that about, 135 and, 315? 
TA:Mhm. Yeah. 135 [ ... ].And this time you judge what's 
the, incident angle. 
S1: So then the incident angle would be urn, (pause) 310,= 
TA:Mhm 
Sl: = let's. see, not 3- 315, plus 90, which would 
be, like that, right? 
TA:Yeah. Then this is zero. Incident beam always zero. 
Angle [ ... ].Yeah, that's it. [Well no need] to calculate, 
you just, go this way. 
Sl: OK. 
TA:Minus 90 degrees [ ... ] then, [ ... ] 
Sl: 45. 
(pause) 
TA:45. (pause) From the critical angle you can get the, 
index, right? Then you compare the results you get 
-~---~----~----- ~~~~~----~-~ 
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in the, previous part. [And then,] see how accurate 
you get. 
S1: OK. 
8:29 S1: Angle, of incidence, where are we at. Should we use 
reflected, uh beam for angle of incidence, or should 
we, 
TA:No. 1[ ... ]. You find out what's the normal to this.! 
S1: IThe ang- angle of incidence [ ... ]I 
S2: 1[ ••• on] I the opposite side would be 40. 
TA:40, so the incident angle's 140 degrees.! 
S2: ISo it's 40. All right.! So we use the [incident.] 
S1: And- oops! That's it. OK. Now what's the angle of 
refraction? 
TA:Angle [ ... -s two,] right? 
(pause) 
S1: [Six degrees.] All right. Actually, why don't we just · 
go through all of these then fi- can- can we go 
through all of these ![then find-] I 
TA:IYeah, [you can do all this then ... ]1 
S3: IOK, all righty.l What's the next one, 150? 
Sl: Yeah, 150 
9:24 TA: Oh, no. This graph ask you to draw the- the sine 
theta one versus sine theta two, lnotl just angle. 
S1: IOh.l OK. 
TA: 'Cause angle has no relation. 
S1: Oh. 
TA: OK. See, actually this is to lverify-
S1: INo relation. 
TA: Between angle. (laughs) This is to verify the S-
S-Snell's Law. Right?= 
Sl: !Yeah, OK. 
TA: = 1[ ... what's] sin theta one over sine theta two 
[butJ, equals to n1 over n2 [ ... ]. N1 n2 is a 
constant. So sine theta one over sine theta two is 
constant all the time.= 
Sl: IOK.I 
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TA: = IOK?I There's no relation with the theta. IOK?I 
S1: !All right.! 
10:02 S1: Well, it's going to be a, linear relationship though, 
won't it? It's going to be a linear relationship I[ ... ] I 
TA:IFor?l For? 
Sl: For? When we graph the sines.= 
TA:Yes. 
Sl: = It'll still be lenear-'linear. 
TA:Linear, yeah. 
S1: OK. 
TA:Otherwise the Snell's Law is not exact.(laughs) 
Sl: Right. Well [how-] our graph came out almost linear 
when we were just, doing the uh angles. 
TA:Really? 
Sl: Well, give or take a little bit of error. But that's 
a fairly-, 
TA:[ ... J. Yeah it's not- it's not a goo.d ![ ... ] 
Sl: But itl'll be better when we use the sines, right? 
TA:Mhm 
Sl: All right. 
TA:It 's correct to use the sines! (laughs) 
Sl: OK. 
TA:OK. 
12:39 TA: [? do the whole part.] 




Sl: We have to go. 
TA: You have to go? It's, (S1laughs, kind of) a two 
hours lab (laughing) you see;= 
S1: !Two hours!! 
TA: = !there are! 40 minutes left. !You should try.! 
Sl: Well, this lis punishment because we get done early.! 
S2: !Nobody else is doing- nobody else has gotiten this far. 
TA: No. There's uh, several groups last semester they 
------------------------------------------------· ·--- -
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can. Yeah but, all those people [ ... ] they try to 
finish so they, stay until finish. 
(Sl sighs) 
TA: It's very interesting. If you- if you (Sl laughs) 
[ ... ]just see that. [ ... ] set [it] up and see what 
happen. OK? (pause) 
S2: But- I mean, it was the same thing that was on the 
slide show. 
(laughter) 
TA: [Cannot] see the slide show. That's by yourself you 
see (laughing). Just like you see a lot of- you s-
watch a lot of movies, but you can never be actor, right? 
Now you're actor, not, watching movie, totally different! 
S2: Well can we do it without writing stuff down? Can we 
just-
Sl: I mean do we-
TA: Hmm. 
Sl: I [ ... ]I 
TA: /Yeah,/ try your best. I hope you can write this whole 
thing down (laughing) start and finish all part. 
S2: OK. But that means we have to be h·ere till six. 
TA: Mhm. 
(pause) 
Sl: [That sucks (laughing)] 
TA: It's the weekday- weekend, I know. 
(Sl and TA laugh) 
TA: It's /too late, I know./ 
Sl: /Fridays from four/ to six/, is a/- Yes! This 
is terrible! 
S2: /It's 85 degrees/ outside. 
TA: Maybe change [ ... ]-change [your] time schedule next 
semester. 
(laughing) 
Sl: (laughing) Yeah. I'm not going till six o'clock on 
Fridays, that's for /sure./ 
TA: jOK,jlet-let me show you just a little; it's very 
interesting. First I'll tell you, what's- what's in 
there? 
S2: That's the urn, that's the lines. 
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S 1: The lines. 
TA: The lines, yeah. OK, [put] here. 
(pause) 
S2: How close do you have to have that to the, laser 
beam? Pretty close? 
TA: It doesn't matter. 
S2: Doesn't matter? 
TA: Yeah, doesn't matter. (pause) 
TA: [You ... ] all this from the lecture? About 
(pause, putting equipment together) It's spread out 
[ ... ]. (short pause) It's hard to experience very-
if- if you want to really exper- e- experience, 
you need a, knowledge of quantum mechanics. (short 
pause) What's your major? 
S2: Architecture. 
TA: Architecture. Yeah, those students, say, it's no need to 
(laughing, S2 too) study this one [architecture]. OK 
then, [use] this one to narrow them. Only- OK, brace 
this one. 
S2: Except you- don't you wanna- [ ... ]. 
TA: Narrow this one. 
S2: If you put it closer that way will it get narrower? 
TA: No, no no. 
S1: You mean you raise jit higher? 
TA: Higher raise, oh jyeah. 
S2: jOK. 
TA: Raise it more. (pause) Oh. 
Sl: We missed jthis one herej 
TA: !Missed, yeah.j [We] missed one. 
(pause for more assembly) 
??: Hm. 
(pause) 
TA: OK, just leave like that. OK, then you use the, 
[covered] glass. Right. It's 50. [(mumbling) Can 
you move it this way? It's about five roughly.] OK, 
first you measure the distance between this one and 
this one, and set it [as] 50 centimeters. That means 
this ray, this light ray going this- out [ ... ] this-
[ ... -ess] parallel. Isf- If this is focal point, 
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[like this] is parallel lines. 
S2: So does this have to be 50 centimeters from this 
then? 
TA: Yeah, this one. You set it parallel. Second part 
uses parallel lines to get, what's the focal point of 
another ... (more assembly) Here just assume this 
are parallel, OKZ Then you move this one. 
(pause) 
S2: [I'll] move them 
TA: OK then, measure the distance between here; that's 
the- this's the focal length. OK?= 
S2: [Yeah] 
TA: = [The ... amount] is like five centimeters, because 
this one really not has- [have .:.] exactly 50 
centimeters, so [ ... ].So, it- it- it won't take 
long time you maybe; just five minutes you can finish 
all this. OK? 
18:05 TA: Finished? 
S1: Yeah. But we got different values for these [ ... ] 
1.47, two of these are 1.38. 
S2: That's so little though. It won't make that much 
difference, will it? 
TA: Yeah, so, why is all same? 
Sl: Yeah, it's almost- it's almost all [ ... ] 
TA: Yeah, so that's the- that's the [ ... ] S-Snell's Law, 
right? [.j .. ]j 
Sl: j[ ... ] specific!- specify it that. But the fact 
that these are almost 1.5 and these are just about 
1.4, is there, like [difference]? Is that- isn't 
it-
T A: That's error. Because this is experiment jand not-1 
yeah. ji( t )- it 's-j yeah, that's no problem. 
S2: jOh it's just- Oh, OK. Well that's no problem then. 
We can! handle jthat.j 
Sl: jAil right. [ ... ]j 
TA: jYouj cannot get exactly, because theoretical is exact 




TA: =it's machine and /then you got human errors, 
so,/ yeah. 
52: /Oh, OK. So it-/ OK. 
TA: [Then? And?] you try to figure- try to figure- use 
the- sine theta one versus sine theta two. 
52: Mhm. 
TA: OK. (pause) So OK, here there's two way. So one way 
you get all this one. This way [i-J n. 
Sl: Mhm 
TA: All n, but, they're different. But you cannot say 
which way [in] exactly, which way [in]. 
Sl: That's true. 
TA: So, how to decide: Usually we take average of all 
this, right?= 
Sl: Mhm 
TA: =So that's the value. Another way i(s) ju- just 
draw the figure. And get lines which i( s) most 
closely to all this figu- points. Then connect this 
lines, get [a] slope. [The] slope is the value. 
Sl: I see. 
TA: So you draw a figure, sine theta one versus sine 
theta two,= 
Sl: /OK/ 
TA: = jand then/ get the slope. That's the value, here. 
Sl: All right. 
TA:OK. 
Sl: Thank you. 
19:38 Sl: We don't understand why there's no relation. I mean, 
you said there was no relation between theta one and 
theta two? (short pause) Didn't you tell me that? 
TA:Yeah, there's no relation between theta one and theta 
two. 
Sl: But why- I mean, it says,- it says explain why- I 
don't understand why it's not. 
TA:(laughing) Why it's not. 
Sl: Well, we don't- /I mean-/ 
TA:(laughing) /Because Snell-/ because Snell's Law's- op, OK, 
you can say I try to draw the figure- try to draw 
---~-----~---------------
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the figure, and see [how ... ]. You cannot [ ... ]it's 
straight or it's [hyperbolic]. There's no relation. 
Sl: [ ... ] Oh 
TA:That 's why. 
Sl: OK. 
20:33 Sl: Hey urn, we measure pretty much from the middle, 
right? 
TA:Mhm. From middle, yeah. (pause) What's this? Minus 
20. (pause) · 
Sl: So do I wanna like, figure out how much- how- the 
spacing between there and [then], the spacing now? 
Or something? 
TA:How you got it this way? You just [add? have?] this 
on focal, right? 
(pause) 
Sl: What, now? 
TA:I mean so how- how do you [hav:e to take this part?] 
Sl: Find the [ ... ] jsoi it becomes a point. 
S2: !Move itl 
TA:Uh-huh. So, have you tried this one? 
S2: Uh-huh! 
Sl: All right. You have to-, you have to keep jgoing.j 
S2: lit doesn't.j 
TA:Ca- can you get one? 
Sl: No. 
TA:Why? 
Sl: Because it diverges. 
TA:Yes, it diverges. 
Sl: Yeah.= 
TA:So-
Sl: = So we just have to like sketch it, right? Here? 
TA:Yeah, if you- if you want measure this one you need 
one more diverging part, yeah one more converging 
lens, put in there. That'd be furthest. And then 
calculate. I guess OK I show you. If we put one 
more here, (pause for construction) OK, you can get. 
[Right]? You calculate this. Because this are 
parallel lines through here. Then it's diverging, 
~----~-------~·----·· --------
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all right? And you get images h- object here. 
Right? It's diverging. [?] get objects here. [Because] 
this objects through this, converging lens, then on 
focal here. (short pause) I'm not sure, have you 
learned in class about this calculation? (flipping 
pages) [You] see, first it's parallel lines,= 
S2: Uh-huh 
TA:= OK, through diverging lens= 
S2: Uh-huh 
TA:= and going this way and this way. And-
52: Right. Image forms back there. [ ... ] 
TA:Image here. So this- there is, minus 20. If- if-
52: Right 
TA:If- you're doing very well, so it's minus 20, OK? [Now 
you saw] at that converging lens then there's one 
going to this one,= 
S2: Right 
TA:= so, this is a distance [ ... ] image,= 
S2: IUh-huh 
TA:= l[one for]- to this lens, for lens two, OK. Then, 
the distance, of object, is this way. From here, to 
here. 
S2: OK. 
TA:So if you measure distance between these two for-
you measure OK ·d, whatever d o m. Then, this is 
minus- this is you want to solve. This will your 
unknown. You [can] consider it f, you want to solve 
it.= 
S2: Right 
TA:= Sod o equals to do m plus f. Then d i 
is [your ... ] measurement. OK then putting in the 
formula, dl plus di equals to fl. 
S2: Mhm 
TA:So you know the f. What's the fl? Wha(t) the-
what's-what's-? 
Sl: 51.4 
TA:IOK yeah then, this is, 5.4. And this is image 
distance between second [and] last to the, screen. 
[Then] measure this dis- his disan- the 
10.5 
distance between these two lens-
51: These two? Like this? 
TA:Yeah. So, what is [the value input]? (coughing 
student) 
Sl: 9.2. 
TA:dl plus f. Then solve this equation. 
Sl: Got it. [ ... ] 
S2: OK. 
TA:So that's why he wants you to draw [the yeah] figure 
·[ ... ]. 
Sl: [ ... done ... ]. 
24:03 Sl: This is pretty fun, isn't it! 
TA:You think so? (laughs) I saw you're waiting here. 
(pause) 
S2: [Well] we're stuck right here. 
TA:Stuck, uh-huh·. 
Sl: Oh. You just u~e Snell's Law. 
S2: Oh, that's all. 
TA:No [single ... ] 
S2: So, sine theta two, is, [point 45] 
S 1: The index of refraction of error times sine [ ... ] is 
40. 
S2: So what's- that's what we're solving for, right? 
Sl: I got 1.1 [ ... ] 
S3: Sine theta one. 
S2: Well-, 
Sl: Then of air, which is 1.0003, times sine 40 divided 
by sine 20 is 5. [ ... ]. 
S3: Sine 40, which was, 
Sl: [ ... ] 
25:14 Sl: I'm just puttin', (short pause) for my graph 'cause I 
don't have a piece of graph paper, is that OK? Or do 
you want me to sketch it? (pause) Yoo-hoo! 
TA:You can 1[ ... ].1 
Sl: IThis is my lab partner('s), see?l I have it [ ... ] 
TA:Yeah, I make- cannot read. all this; you, take this 
--------------- --
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home /[ ... ] for [ ... ]-Yeah./ 
51: /Oh! You want me to take it home?/ 
TA:And [take] all this, the lab report, and /hand it in./ 
51: /Mmm,/ OK. No problem. Then I better sketch it. 
25:47 51: All right, we're s'posed to put, [ ... ] the results of 
the sines, [ ... ] theta one and theta two? 
TA:Mhm. 
51: All right. So, [(mumbling) ... ] 
TA:[Yes, sine theta] 
26:34 51: Is this r-are these the right numbers? D i,- this 
is d i, [and] this is f? 
TA:No, this is- this d o. 
51: This is do? 
TA:Yeah, that's do. 
S1: OK. 
TA:[This- this is ... ] d i is- f is [which], unknown 
number, right? So f plus the distance between this, 
I [ · .. JI 
51: /OK. This is like-, OK this is [say] d i. 
TA:D i, yeah, equal to-
S 1: This- and this is f 
TA:No, no no. 
51: Oh, OK, d i,= 
TA:Equals to 
51: = is f plus 9.2. 
TA:Yeah yeah. 
Sl: OK. 
TA:OK. Then, [ ... take] this formula f equals to 9.[4]. 
Sl: OK. 
(pau;e for coughing) 
TA:D o equals d i plus, dl plus f; dl is distance 
between two lens. All right? 
52: So- so this part is dl here, then, right? 
TA:Yeah dl yeah. And d i is distance, we measure from 
the, /screen,-/ 
S2: /1 thought this is d o./ 
Sl: Yeah, I thought that was d o. 
TA:Ah that's d o. [?] sorry. 
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Sl: This total distance is d i, right? 
(short pause) 
52: Well w-
Sl: From focal length? 
S2: What's-
TA:OK. [Let me ju-]let me speak again, OK? (laughs) 
D o is object, right? Dilstancel from object.= 
S2: IRight.j 
TA:= Object is here. And here.= 
S2: jOK 
TA:= jSo it's the distance, this is unknown f plus the, 
distance between two lens. That's the d o. 
Sl: OK. 
TA:OK? ID i means-! 
S2: jSo,l from here, jto here, is d o.l 
??: 1[ . .-.]1 
TA:jYes, do, yes.j 
Sl: And this is jd il right here? 
52: IOK. OK.I 
TA:jYeah,l d i is yeah, image, on a screen to the first-
second lens, so this is d i. 
52: OK. 
TA:OK, equals to f- here the f is- here the f is 
second- the seconda lens, OK, [ ... ] 5.4 centimeters. 
So d i- d o plus, including two- two part, one is 
the distance between two lens, and the another is f 
[ ... ]. 
28:40 Sl: [ ... ] what do we start on, [ ... ]? 
52: [ ... ] 
(pause) 
TA:OK, let me-let me show you. 
52: Yeah, it disappears on the wall. [The refracted goes 
... ] .. 
TA:OK. So, these are refracted one, this is refract 
one, right?= · 
S2: Mhm 
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TA:= Now I want to see this one disappear. 
52: Yes 
(long pause) 
TA:[ ... magic} pencil. [?] 
52: [ ... ] Well, wait. It's right there. 
TA:No, this is [reflected] one. 
S2: [ .... I believe you.] 
TA:[ ... ?] 
52: I believe you. 
TA:(laughs) You believe me?! (short pause) This [time] 
has two. [ ... ] You see? One, two. This is refracted 
one, [the] refract one, right? We change ... See? 
Th• r. ] • h? IS one [IS ••• , rig t. 
5?: Uh-huh. 
TA:OK 
S2: [ ... ] 
TA:The critical angle i[s], the [time] minus [ ... ].If you 
move this way, there's no ... [all times]. But /we 
want- we want point, yeah,/= 
52: /[Yeah, so] just the point right when it disappears/ 
TA:= yeah, right 
30:20 Sl: [ ... ] 
TA:Yeah. Just locate it. [That's right.] 
S 1: All right 
TA:Try to find, when this point disappear. 
51: Oh OK. (short pause) But-, 
TA:OK? 
51: Yeah, I see. But, it's gotta go- /[yeah, this way.]/ 
TA:/OK, you [.j .. ]. OK, don' don' don't. Don't touch 
this [one], yeah. You- you [ ... ]-you [will always 
have] this part yeah, see where this disappear. 
[Can] you see that? 
51: Mhm. 
TA:Yeah. Watch this [ ... ]. Oh! It's OK it's OK. Back. 
Back a ways. Yeah, OK. Move [every ... away]. OK. 
[ ... ] you see? [There no one.] Disappeared. 
51: Oh I see. [ ... ] right there.= 
TA:Mhm. 
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S1: =Which is approximately 40 (pause) [ ... ] actually [48] 
degrees. So that'd be 40 
TA:So you decided which is the, normal, which is the 
incident. Incident always zero, right? So then 
what's the normal? Direction. 
S1: For this?= 
TA:Mhm. 
S1: For as pa- as it is right now? 
TA:Yeah 
S1: [That one] would be urn, 138. 138 degrees. 
TA:Ah it's here. But we consider the incident angle so, 
for this side 
S1: Oh I see, so it would be urn (pause) where are we up 
there (pause) [(mumbling) ... ] (pause) [So it would be 3-] 
312? [(mumbling) ... ] 312. [ ... center ... ] 
(long pause) 
S2: [ ... ] 
TA:[Yeah ... ] 
S1: [(mumbling) ... ] 
(long pause) 
S1: [Looks like it's better (someone coughs) ... one point] 47 
here. 
TA:47's here then,= 
S1: So 47 lhere would be-l 
TA:= lplus 90 degrees! to there and [(mumbles) ... ] 
S1: OK [ ... ].Urn, number 318 (pause) [Well] it's over 
[about] urn 318 over there. OK, so that would be the-
this- this would be critical angle, and that- that's 
your critical. 
TA:No, this is, direction of normal, right? Then you 
[consider] what's the incident angle. 
S1: Yeah 
TA:[ ... ] this is the in- critical angle, incident is 
zero. Zero can't 1[ ... ]1= 
S1: IOh, I see. So-l 
TA:= 360 degree minus [ ... ]. 
S1: Oh, I see. OK. 
(pause) 




S2: No. IActuallyl I didn't catch what he-
Sl: IAll right.! All right. Urn, since we- we had to find 
this-You know, I'll just do the whole thing over 
[ ... ]. 
TA:[ ... J 
Sl: See [here you] got the- this reflection= 
S2: Mhm 
Sl: = and [your] refraction? [ ... ] the, refracted. And 
then, at that point, which was ... [Keep] it in the 
center. (pause) See, [ ... ]~ 
S2: Mhm 
Sl: = That [ ... ]. 
S2: That's when it's totally- Oh, OK. 
TA:So this is critical point. 1[-I .. J incident 
1[ ••• ]1 
S2: IOK. So then if you go-1 [you just]- oh poop. You 
just !have a-
TA:I[Here, one point's ... ] 
S2: Farther than that. Oh, it's still gone? 
Sl: IYeahl 
TA:IStilll [ .. 1.]. Atl this point here. [ ... ]. 
S2: IOh! Gosh.! OK. 
Sl: All right, then we [simply] take the sine of the,-
the~ incidence? If ![what the]- [critical]-! 
critical- critical angle of incidence it'd be one 
over the-oh, I see. 
TA:IOne over! sine. 
(pause) 
TA:[Then get n]. Because n- n is always larger than 
one. So sine theta is always less than one. So one 
over sine theta is, 
Sl: OK, I see. 
S2: OK. 
36:32 Sl: How exactly urn, do you calculate index of refraction? 
Using the [uh], critical angle? That second 
technique? 
TA:Um it's uh formulated [uh] .one over sine critical 
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angle, is the, index. On /this one./ 
S 1: /One over sine. 
TA:/Over sine ... Incident angle (is) 45, yeah. 
S1: Let's try that one instead. 
S2: What is it, one over sine 45? 
S1: Mhm. 
TA:You haven't learned in class? 
(short pause) 
S1: Uh-uh. 
S2:· Have we learned that in class? 
S3: Yeah, it's 1.4. 
S2: Yeah, OK, that's what I thought; there are two /times 
sine 45./ 
S1: /Yeah, that's what we thought./ 
S2: Like I said! 
(TA laughs) 
S?: No [one ... ] you. 
S3: No I- No I'm the one who figured it out so, 
S2: I figured it out; he doesn't know what he's doin'! He 
really /[doesn't]. 
TA:(laughing) /What's your name; I will- I will try to 
remember your name so, (laugh) I can judge who is-
(laugh) which [will] get a [better] score! 
S3: Hey, I'm the one getting the A in this class, so 
/that's [why]-
S2: /Oh, are you? 
(laughter) 
S3: Yeah. 
S2: (laughing) Yeah, yeah, you are! /Yeah, you're/ not! 
S3: /I am!/ You wanna walk out and look at it on the board 
right now? I will show it to you on the way out. 
S2: (still laughing) Yeah, you're not. 
S3: How much do you wanna bet?? I swear to God I'm 
getting an A in this course, so get off my back. 






Sl: What's the last part? 
TA: It's the later. [This time ... ]. 
(pause) 
TA: OK. [ ... ] (pause) You see, only one.= 
S2: Mhm 
TA: All right? (laughs) [So you put this] on there. 
(short pause) How many here? 
S2: Quite a few. 
Sl: Quite a few, yeah. 
TA: Ohh. It's the way [this light] comes in. Do you 
see? 
S2: Why does it do that? 
S3: Well, because of the urn, 
S?: Spectrum of the light. 
TA: (laughing) Why? 
S?: Well that's oblviously-
S?: j[ ... it's-] 
TA: (laughing) It's obviously, yeah. 
S?: There's 300 lines per inch there. How do I know 
that? I don't know. (laughter) 'Cause it's written 
there [ ... ]. 
TA: OK [you say], 300 lines per inch, [ ... ] 
S?: Well this obviously has something to do with the 
[spectacle there]. 
TA: OK, sore- if you [don't] want- really understand 
this, you need to take the, physics uh five one 
eleven? 
S?: Physics 511? 
TA: Yeah. !Quantum mechanics. 
S?: ![ ... ] 
S?: Yeah, I might be around for that. 
S?: I'll sign up for that tomorrow! 
(laughter) 
S?: 500-level physics. 
TA: Then if you change directio- change the pia-
distance, then you will see. The distance [between] 
will change. 
S?: Wlhy?l 
TA: jvVhy?j (laughs) Ho, why?! 
S?: (laughing) Yeah! 
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TA: OK, this- you just observe, (all) right? So this-
S?: OK 
TA: =you feel interesting, that's all. OK? Then, have 
you learned- you have learned in- in class about 
the, converging lens,= 
· S?: jYeah. [ ... ] 
TA: = jand diverging lens? OK, then, I will show you 
how~ that means, diverging- or converging lens. 
OK, this a-, what is-, positive means what? 
Converging, right? 
S?: Right. 
TA: OK. Over here ... Can I take this off? 
S?: Oh yeah. We're done with it! (laughing) 
TA: [I'm gonna take this off.] (long pause) Not exactly, 
just ... (pause) You see? [Put] this in, conversion. 
You see? [ ... this here. Not at this one point, not 
... further, right? ... ,] 15 centimeters, you 
see?= 
S?: Oh! 
TA: = It's converging, right?= 
S?: OK, yeah. 
TA: = So let me [ ... ] change it [ ... ]. 
S?: Hold on, where's- where is the 15 centimeters? 
TA: Yeah you can check. How long is it? Only ten! 
(laughter) Well that means, this coming, lines is not 
parallel, thenj- then we [are] converging= 
S?: jOhh 
S?: jOh, OK 
TA: = jevery 15 centimeters per cen- second.= 
TA: = This is ten, so I'm going to change this to ... 
[(mumbling) ... ]. [If you'll] set this up, [OK?] 
(pause) Yeah. (pause) OK. 
S?: 14.5, [oh yeah]. 
TA: That's good enough, huh? 
S?: Yeah, that's good ejnough. 






TA: [If I take this off], can [I] get point? 
S?: Well it could on the other side. 
(laughter) 
TA: Yeah, yeah! So that means so this is diverging, jyes,= 
S?: !Diverging, yeahl 
TA: = !because cannot- [ ... ] can't be parallel. 
S?: Yeah. 
TA: Diverging, right? 
S?: Mhm? 
TA: [Can that make] sense? 
S?: Yeah, that makes sense. 
TA: OK. Yeah, it's almost time. 
42:37 Sl: My prelab's the first page of my lab, so I'll just 
turn that one in together, OK? You can tear it apart 
or, whichever. 
(no audible response) 
42:56 Sl: Thanks for letting me start that lab late because I 
woulda been (in) a lot of trouble if I couldn'ta 
gotten this lab I [this time]. 
TA:j[But] don't be late next time! 
Sl: I won't! 
(TA laughs) 
43:42 Sl: So, you don't want these from me, you just want me 
to jot it down on my, [real lab]? 
(no audible response) 
Sl: [OK, then, I'll get it in ... ] 
44:22 Sl: [ ... ],and urn here's the other uh, I'll staple it. 
TA:[Where's] your name? 
Sl: Hm? [Is] the name on ['em ... ]? 
TA:No. 
11.5 
S2: [ ... back.) [ ... ], where's the front page? 
TA:I don't know. 
S2: All right, well it's- I'll just put it[ ... ]. 
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TA2 Transcripts 
Name of Class: Physics 111 
Date of Obse!vation: Wednesday, 19 April 1989 
Tape: TA2 Side A 
5:52 TA: Did the beam strike at the edge or= 
Sl: Yes 
TA: = one of the surface? 
Sl: Yeah, it's striking right at the edge, right at this 
corner. 
TA:Hmmm 
Sl: Is that where it's supposed to hit? 
TA: No, lit's not. 
Sl: !Wasn't it supposed to hit there? 
TA: You have to- the beam have to strike one of the, 
surfaces that are over here. 
Sl: We [had] it like that so it came out- we had it 
right on the edge so it came out these two sides. 
TA: OK, but-
S!: Use- use one edge? 
TA: For this case what are you observing? (short pause) 
You're observing the defraction. 
Sl: mhm 
· TA: So you have to consider the defraction angle. 
Sl: OK. 45 degrees. 
TA: That's- that's the incidency angle. 
Sl: That's the incident. OK. 
8:18 Sl: This is your normal, right? 
TA:Sorry? 
Sl: Is this your normal to this? 
TA:Yes, that's the normal to the surface. 
Sl: When they're talking about these rays, this ray 
entering the block, (draw] on the graph toward or 
away from the normal of the surface, which way are 
they talking about, this way or this way? 
TA:Umm 
----------------------------------~-- --
Sl: Oh this is the way. 
TA:What is the incident beam? 
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Sl: The incident beam [I guess] is this one. 
TA:OK, [if] that beam strike this surface, and the 
normal to this surface is this line, · 
Sl: Right. 
TA:Right? Then the question is, if there was no block, 
then the beam should go straight ahead. 
Sl: Mhm 
TA:But because of the block, does it go toward this line 
or away from that line? 
(long, thoughtful pause interrupted by the arrival of 
the lab partner, late to class) 
9:56 Sl: Which was the normal to the surface? 
52: That would be straight through that way? 
TA:Yes, there are two normal to the surface. This is-
one of them is this line and the other is this line. 
Sl: Right. So how do you decide if this is away,= 
52: lor toward! 
Sl: = lor !towards 
TA:Um, imagine the case when there was no block, then 
the beam have to go, straightly, but it bent here.= 
51: Right 
TA:= But did it bend towards the normal or away from the 
normal? 
52: It bent away. 
Sl: It bent a~ay, right? 
TA:No 
52: 'Cause it came this way? 
Sl: The normal's that way? 
TA:This is the normal, and this is the beam. If there 
was no block, it have to go straight ahead. But it 
bent, towards the normal. 
52: Oh, OK 
51: OK· 
TA:But, if the index of refraction is smaller than one, 
then what would happen? · 
51: It'd bend away? 
-------------~~~- ~-
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TA:If the index- index of refraction of this first beam 
is smaller than one, smaller than the air 
S1: It shouldn't bend at all there. 
S2: Yeah, it shouldn't bend at all. 
TA:It shouldn't bend at all? 
S2: If it's less than, it '11 bend away. 
S1: If it's less than, it'll bend away from there? 
S2: It's like water going to air? 
(short pause) 
TA:OK, this is the case. Here the index of refraction is 
greater than one,= 
S?: Uh-huh 
TA:=and the index of refraction= 
S?: /is one, yeah 
TA:= /is one, and the beam is going from the index of 
refraction is greater than one, to air, where the 
index of refraction is one. 
S?: Then it's one. 
TA:Then did it bend away, or 




S?: So when it goes from a higher to a lower, it bends 
away? 
(TA nods) 
12:07 S1: Do we only have to hand in one drawing? 
S2: One of these, right? Only hand in one drawing, right? 
TA:Ah, yes. 
S1: But we both fill out the lab report thing, right? 
TA:Sorry? 
S1: We both do the whole report, don't we; we don't hand 
in just one these, right? 
S2: Or we don't-
TA:Yes, just hand in one of them and then write down 
your lab partner's name. 
12:28 S1:Can you explain why its doing this? The ray entering 
~~~-~~-~-- --- ----- .. ~ -
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the block, refracts, away from the normal to the 
surface. 
TAWhat is your question? 
Sl:l s- we see why it does that but why- I mean we see 
that it does that, but why does it do that? 
TAWhy- why does it bend toward the normal? 
Sl:Yeah. 
TAUh, that's because of the difference of index of 
·refraction,= 
Sl:OK 
TA~ between air and, 
Sl:ls that the same thing for why this does that away 
from it? 
TAYes, that's the same reason but, depending on from 
where to where the beam goes, there's a change in 
angle,= 
Sl:OK 
TA~ direction of the angle. 
(Sl writes the response down as the answer to the 
question on the lab report.) 
Sl:All right. . 
TASo to bend toward the normal to the surface, does the 
index of refraction should be greater than one, or 
smaller than one? 
(pause) 
Sl:What'd you say? 
TATo bend toward the normal to the surface, urn, is the 
index of refraction of this plastic jshould-1 
Sl:jls greater, isn't it? 
TAGreater than one? Should it .greater than one? 
Sl:Is that right or not? (clatter from object dropped on 
neighboring table) Huh? 
TAYes, that's right. 
Sl:OK 
14:57 Sl: How close does our predicted angle up here really 
have to be to what we get? 'Cause it's not- it's 
·more like 30 degrees in here; it's a little high. 
S2: Yeah, we had 28. That's almost a 30-degree angle. 
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TA:Ahm. You're doing the [first] part? This 
one? 
S2: Yeah. 
TA:Yeah. For this case, angle- you will- you will do 
this experiment for later case than this one, and in 
that case you have to measure the angle, but for this 
case-
S I: Doesn't matter? 
TA:IDoesn't matter.! 
Sl: II mean,l I just wanted to see it for an estimate 
TA:Just- just answer to that question. I mean, does it 
bend toward to the normal to the surface or away lfrom 
the normal to the surface?! 
S2: IOK. That's fine right here.l 
TA:IAnylway, this picture is not quite the same as this 
one, isn't it? (pause) I They're all-1 
Sl: INo, belcause this one comes out here. This is- but 
isn't there another point in there, the light is 
bouncing back? I guess that's where I- this picture 
I drew is wrong. 
TA:There's another point? Where? Oh, [here it is] 
S2: Here's one. 
TA:There's [n]one 
S2: There's the one, right here that-
TA:Yeah, then where lis this beam from?l 
S2: lit comes- it comes! straight out, it looks like. You 
can see the line, I think. 
TA:Where is this beam from? What kind of beam is this? 
S2: This one? 
Sl: That one's ref- reflected. 
S2: It's just a reflected beam. 
TA:Right. 
S1: You mean this one is our refracted? 
TA:Riglit. . 
S2: We've done refracted and this one's reflected, so, 
right? 
TA:That's right. 




S2: /Like/ if it was 190, that would be about, uh, 
S1: That's 180, I think, actually, 
S2: So we just write 180? 
TA:Yes. 
S2: OK, that's a reflected beam? 
S 1: That's the reflected beam. 
TA:That's the reflected beam, and that's the-
52: Refracted beam? 
TA:Yes. 
S2: So don't worry about [(crash!)the refracted beam, right?] 
TA:No. 
S1: So don't worry about the refracted beam. 
21:56 S1: It's really close to 60. 
S2: It should be like 60 degrees. 
S1: 60, we'll call it sixty yyyyeah. 
S2: Should we put 61 or 62 if that's what it is, or 
should we just put 60? 
TA:Write sown what you observe, what you measure. 
S2: Direction of normal to the surface. Does that mean 
this one? 
TA:No. The normal to the surface always perpendicular to 
this surface, /so-/ 
Sl: /That/ would be 90, wouldn't it? 
TA:90? 
S1: Or the direction on here is [outward], isn't it? 
TA:If this is zero, then, the normal to the surface 
should be perpendicular to this, so-
Sl: It would be 30. 
TA:This is 120? 
S1: Minus [ ... ] 
S2: Thirty, angle of incidence is this angle here, right? 
This angle right here? 
TA:Right, the angle between the incident beam and normal 
to the surface. 
S2: Oh, the angle of the beam right here? 
TA:Right. 
S2: So it's 30 degrees. 
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TA:Yes. That should be the same as direction to the 
normal to the surface. 
52: And then angle of refraction is this [one] right here, 
off the angle over there, which is 30 again. 
TA:Yes, that- that's supposed to be 30 but-
51: [With this block] it's 28. 
52: Yeah it's 28. . 
TA:Right, there can be errors. 
52: OK 
TA:So [there you can underneath] this blank. 
52: Just leave that blank? 
TA:No, I mean this error. 
52: Oh, OK 
23:54 Sl: This is diffuse? 
TA:You probably have handed in your prelab, didn't you. 
Sl: Yeah 
TA:There is- there is something like this [ ... ]. One is 
diffuse and the other is, I don't remember. 
52: Those two are about [ ... ] specular and uh diffuse. 
TA:Right 
Sl: Specular? 
52: Specular is [often ... ]. Yeah. 
TA:Yeah. That's just the [ ... ]. 
Sl: Oh. (laughs) Look at the line right below it! 
do you want the degree marking off the sheet? Or just 
the direction marking? 
TA:Um. First you have to set your [poly- ... ] on- on 
this table and then you have to [fit] your axis. If 
this is zero-zero degree, and the reflective beam, is 
here, then this should- this can be angle. Or you 
can also set this as reflective angle. So, it doesn't 
matter. 
Sl: OK· 
52: So when it says 1[ ... ]-1 
Sl: !But when it says! direction 
TA:Direction? Direction can be represented by any angle. 
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JAny-J 
S2: Not Jthe [normal]?! 
TA:All- all directions can be represented by one of numbers, 
Jwhich is=i 
Sl: Oh, OK; Jso then it's [possible]-! 
TA:= zero to 360 
Sl: OK. So what angle did it come out at? 
S2: [ ... ] 
26:08 Sl: So when we get down to direction, we wanna call this, 
for these coordinates, I mean for this, we wanna call 
this, direction from this direction [right] 'cause if 
this is 30, 320 by 300 then 
TA:right. 
Sl: Our normal's on 30. 
TA:Yes. 
Sl: So, and if our angle's [ ... ] from the normal is this 
far, this is what we're counting Qn, is that what we 
say? Or do we have to say from the normal, away from 
the normal? 
TA:Um, for this case you have to measure the angle but, 
you don't have to consider this part because you are 
just considering reflection not refraction. 
Sl: Right. 
TA:So, the surface is around here, and, this is the 
normal to the surface, i[so thi-]1 
Sl: JSo you! can count the whole, away from this one. 
S2: Oh OK. 
TA:Then, what is direction of the refracted beam?-
Reflected beam. 
Sl: I'm figuring you count out from the normal all the 
way back to this position. · 
TA:Which position? 
Sl: From the incoming all the way around to the 
reflected- direction of the reflected beam. 
TA:Ref[la]cted beam? 
Sl: No, [what it]- reflected beam. 




TA:= it reflects, over here. 
Sl: Oh! (Looks like ... ] OK. So this is what- we just 
want to measure this and do whatever measuring, just 
straight angles? Or uh 
TA:Yes. Just imagine that this is (polyco- ... ] and you 
don't need to worry about the radius of this 
[poly .... ], just concern about the angle. And if the 
reflected beam goes through there, then the direction 
of refracted beam is 60 degree. 
Sl: ( ... ] 
TA:And for this case then what about direction of normal 
to the surface? 
(pause 8 s.) 
S 1: Mm, 30 degrees 
TA:30 degree? Here is 30 degree and they are not normal. 
They are not right angle. 
Sl: Oh, the normal to the reflected beam? 
TA:Normal to the surface. 
Sl: Oh, surface normal is over here. 
TA:No, for this case. for this· case, OK. What is normal 
to the surface. 
Sl: What angle? Oh, for this? 
TA:Yes, this is the surface, and what is the normal to 
the surface? 
Sl: 60 
TA:Right. 60. So obviously, in !this! case, 
Sl: IOK.I All right, thanks. 
30:09 Sl: Did we do this right? If the direction of the beam is 
56 and it's- the normal's 30 degrees from the 
surface, so the angle of incidence is also that and 
then this minus this would- gives us that. 
S2: Well this !minus! the normal. 
TA:!Uh-huhl 
Sl: Yeah, whatever, it doesn't matter 1[ ... ]1 
TA:!Ye-1 yeah, that's right. 
Sl:OK 
TA:Wait a minute. 56 minus 30? 
--------------- -----------------
Sl: !Would be 26./ 




Sl: I didn't do the math, I just did [ ... ] 
(S2laughs) 
30:50 Sl: We're still confused about this normal thing. I mean is 
the normal there? Or there? 
TA:Normal to the surface is perpendicular to the 
surJface.J-
Sl: !It's! always 90 degrees then. 
TA:No, not 90 degrees. This is the angle. Always 
this angle represent the direction. 
S2: Oh. 
Sl: OK, so this would be, the direction of normal to 
the surface, right? 
TA:Right, !right I 
S2: /30 degrees! 
S3: Is it in degrees? 
TA:30 degrees? Right. 
S3: That's right. 
TA:Right. 
S3: [ ... ]direction, direction isn't in degrees, it's like, 
up down north !south! 
TA:JDirecJtion over ref[la]cted beam, what is direction over 
ref[la]cted beam? 
Sl: Hm? Oh that's where this thing comes out over here 
[ ... ] 
S2: Here? 
Sl: Yeah. 
S2: That's a hundred and nine degrees. 
TA:This is reflected not refracted. 
Sl: Oh, sh- (pause) Awright. You were right, we were 
getting two of 'em, and I didn't know J[ ... ]J 
S3: !It's! right here. (pause) 60. 
32:22 TA: You did this alrea:dy? 
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S1: Yeah! 
TA: Oh. I missed !these! 
S1: IOhll'm sorry. I didn't, get you to check 'em . 
. 33:05 S1: Urn, the graph should be, the angle- angle of 
reflection and refraction versus index, or just-
just these two related to each other? It'd be just these 
two related to each? 
TA: If you draw a graph with those two numbers, then you 
will get something strange, because both of them are 
represented by sine function and they have curves. 
But, if you draw a picture with those two numbers, 
then by Snell's Law you'll find ihe lproportionality.j 
S1: 1[ ... ]1 . 
TA: Right, yes. And the slope or slope inverse should 
represent the index of refraction. 
38:07 S1: Find out where the normal goes [ ... ] 
S2: Hm? 
TA:IWhat is-1 
S2: !What isl that? [ ... ]let's see (pause) 200. (pause) 
S1: It's at 200? 
S2: Yeah. I [ ... ]1 
S1: lAnd it's refracited at 185, so it would be 15 degrees. 
S2: Yeah 
S 1: Is that right? 
TA:Ah, yes. You also have to write down 200, because you 
have two lines which represent the normal to the 
surface. 
S2: OK. 200. (pause) OK. 
39:51 TA: For this case, urn, the angle of incidence should be 
represented with respect to the normal to the surface 
on this side, and the angle of refraction should be 
represented with respect to the normal to the surface 
of this side. So there should be two direction of 
normal to the surface. One is this~ and the other is 
--~-----
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that. And then, this is gonna be, angle of refraction 
and this is angle of incident. 
S1: OK 
TA: So that cannot- both of them cannot be larger 
than 90 degree. 
S1: OK. Both of them added together? Or just both 
of them? 
TA: Each of them. 
S1: OK 
S2: So the-
S1: !That's not right.! 
S2: !The refraction! is off of which normal then? I Off the 
normal to the-1 
S1: 1[ ... ] which one,l this one? Is it off this [line]? 
TA: This is 290,= 
S1: Right 
TA: = so 200 is going to be the normal, right? 
S1: Yeah, OK 
TA: Then !this one would be-l 
S1: !For 90 degrees.! So this one. 
TA: Yes 
S1: Thir- that would he thirteen, wouldn't it? Well, 
'cause it- we have it at 187, approximately.= 
TA: Yes 
S1: So that's what it would be then. 
TA: No, uh, hut-
S1: [For] the normal? 'Cause the normal would be 
(pause) 
TA: This is the angle from, here, isn't it? No? The angle 
should he just absolute magnitude of those angles. So they should 
be 200 minus 170. That's angle of re- refraction. 
S1: 170? This? Or, 180? 
TA: One hundred and- no. I'm sorry. 185. 185. 200 minus 
185. 
S1: OK. 15, there. OK. · 
TA: Then what is !angle of re-I 
S2: II don't- I guess! I don't understand why we're 
measuring it off of this normal here. 
TA: IAhml 
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S2: !Instead! of the normal to the face. 
TA: Because you have to use Snell's Law. And when you-
. when you apply Snell's Law you define the angle of 
incident as the angle between the normal to the 
surface and the incident beam. And 1[ ... ]-1 
S2: !See we-I we defined it as this is the normal, and then 
the angle of incidence is from here. 
TA: This is angle of incidence, and this is surface, and 
this is normal. 
S1: Oh, because !this isl twisted? 
S2: lOKI 
TA: Yes. 
S1: The normal's perpendicular to this? 
TA: Right. 
S1: OK. 
S2: OK, that's what I had wrong. 
S1: IOK, I get! it. I understand now. 
S2: !That's perpendicular.! 
43:31 TA: Did you draw this graph? 
S1: No. 
S2: Uh-uh. Nope. 
S1,S2: (simultaneously) Why, is that right? (laugh) 
S2: What did it get? 
TA: You have to do your own. 
S2: Well, it must have been good! 
(laugh) 
S2: Well, let's see, it looks something like this. 
44:27 S1: [Are we] in the ballpark here? Are we (pause) no. 
TA:I think you are not doing it ·quite right. 
S1: OK 
TA:IWhat is-1 how did you measure this [ ... ]? 
S?: !I'm not sure-! 
S?: For normal? 
TA:No, [it's] angle of incident- angle of incidence. 
S?: Oh, this is uh, 110. (pause) That'll be uh the normal. 




TA:Oh yes, right. Then what about theta 2? Angle of 
reflec- refraction. 
S?: That'll be between this and where it came out. 
TA:Um let's see. But ahm the definition of angle of 
incidence and angle of refraction is, like this. Can I 
use your pen? (pause) So, here is the surface, here is 
normal to the surface,= 
S?: [ ... ] 
TA;= then t~e beam comes in through this surface and bend 
like that. This is theta 1 and this is theta 2. Then 
this is angle of incidence, this is angle of refraction.= 
S?: [ ... ] 
TA:= So what you measure is this.= 
S?: OK 
TA:= So, in any case, theta 1 and theta 2 should be smaller 
than 90 degrees. 
S1: [ ... ] 
S2: So you can't have a /subtraction?/ 
S1: /So you measure/ this from this direction? 
TA:Sorry? · 
S1: Like, if you jhaveL this, you measure out from the 
normal. 
TA:Yes. 
S1: [And that], wherever that is. [I don't see it.] Maybe 
46:56 S1: You have to use the critical angle- the-
TA:Critical angle? 
S2: For the incidence? Angle of incidence? 
TA:What you have to do is just measure it . .You don't 
have to calculate anything for this. And later on 
after you've got sets of data, then you will have to 
calculate it. 
S2: [Where's the-] 
TA:[You don't ... ] First you have to measure those 
two, and then you have to define new variables, 
and then those new variables should tells you 
·something physical, and you have to [find] it 
for yourself. 
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S2: We use, ah, we just use these two to get these two. 
TA:Let me see. (pause) Yes you can do that, but you 
better do this because it's very confusing 
Tape: TA2 Side B 
0:15 S1: These two, from 200 to 
S2: Let me see a sec, that's 187. 
TA:187? So-
51: And this is the normal which I could just-
200's the normal so I can know this, right? 
TA:That's right. 
1:03 Sl: Can you help us, does this need to be out he~e? 
We have to take this out, don't we. 
TA:You have to take it out. 
S2: That's what we wanted to know. Ready? Oop. You 
gotta- see you gotta lift here, you gotta undo 
the bottom. Ready? 
1:33 Sl: OK then we do this 50 em from 44 em so it should 
be 94, correct? Am I right? 
TA:Yes. 




TA:Then the number of spots just becomes three. 
S1: [ ... ] That's sweet. 
TA:Let me see, let's just make this [like this J. 
S1: That's good. Now I wanna know focal length of the 
lens. Focal length would be [as far as this is J, 
isn't it? Isn't that the focal length? 
TA:No. 
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51: What IS the focal length? 
TA:What is the FOCAL LENGTH? 
51: Right. 
TA:Uh, what do you mean by THIS is the focal 
length? That's that lens. Only lens have focal 
length. 
S1: All right. So it must be the difference between 
these two. 
TA:Yeah. Anyway, what you have to do is make 
parallel light. And then, the parallel light 
should come through this lens, and then they 
have to focus. Then that's focal length. If 
they're well focused. But this is not parallel 
light, so you have to make it parallel. 
S1: Parallel. I don't- I don't know, what, you mean. 
(pause) 
52: Oops. I think I don't want to break this. 
TA:Did you break it? 
52: No, I said I don't wanna break it. 
51: It doesn't even go down that far. 
TA:Let me explain what the focal length is and then 
you figure out focal length 
51: All right. 
TA:If there is a object which is- which is 
infinitely far away, this is infinitely far away 
and there is the lens and 
51: Is this your object? 
TA:Sorry? 
Sl: This is the object? 
TA:No, there is no object here. The jbeamL itself 
is the object. And a focus over here then this 
is focal length and the object should be 
infinitely far away. For this case the parallel 
light means- anyway, what this lens is focusing 
is the light from this object reflected on 
this object. And for this case this light is 
replaced by the laser beam. And you have to make the 
laser beam parallel, and then make the parallel 
lights go through this lens and focus, in 5 
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centimeter, for example, yeah, the focal length 
is 5 centimeter. And it's in this case 10 
centimeter. 
52: So we take this out and [ ... ] 
TA:So first, what you have to do is make this 
parallel light. This light is diverging now. 
51: llight. 
TA:So you have to make it parallel light with this 
lens. 
51: With that lens. 
TA:Yeah. 
51: You just set it in here like this? ['cause 
that's] not gonna-
52: How do you know how far away to make it- put 
it, you know, to make it parallel? 
TA:Um, you can do that by, by measuring the 
interval of this width of this light. I mean, 
51: Give us a clue because we're gettin'- we're not 
gonna get it right. 'Cause we aren't gonna-
'cause, first of all, I can't even fit this in 
here so it works. 
52: Would it have to be like, 50 centimeters since 
that's what it- the lens says? 
TA:Why don't you [ ... ] 
Sl: Why don't we (pause) OK. 
TA:[ ... ] there [ ... ] This one should be placed here. 
52: So it's 50 away, isn't it? 
TA:50 away? Did I say that? 
52: Oh, it's 50 to that lens. It's 50. So that one's 
[ ... ] 
TA:And how far this should be? 
52: It doesn't say. Just as far as it has to be so 
that [ ... ] working [ ... ] 
TA:Then see, what you have to do is check with 
light. Here, the width of that is about a 
centimeter, here that's more than 5 centimeters. 
So you have to focus it a little bit and then 
make a parallel light. OK? 
Sl: All right. 
133 
7:32 S1: I don't understand what's [ ... ]-what they're 
looking for. 
(pause 12 s) 
TA:Did you draw a graph? 
S1: We did. 
TA:What is this? This is angle of !incidence?! 
Sl: !Incidence.! This is angle of refraction. 
TA:I don't believe it. It shouldn be straight line. 
S1: It should be? 
S2: Should be? 
TA:It shouldn't be, no. They're not proportional 
other, are they? 20, 15, 40, 27 [ .... ]. Actually 
the line goes like this. 
S1: It should bend? OK. Well, this- this one did 
bend. [We could make that one] 
TA:OK, but, if it bent, you cannot analyze this 
statement because the slope changes. And you 
cannot find the slope because it changes. 
Without knowing calculus. And this course is not 
calculus based so you have to= 
S1: ISo-1 
TA:= jfindl the straight lines, by using another variable. 
Sl: It's supposed to look like that? 
TA:Yes, but that tells you nothing. What you have 
to do is defining two new variables. 
S2: [ ... ] 
S1: the what? 
S2: The slope [ ... ] 
9:51 Sl: Where are we supposed to set this up? OK, if we 
have this like this, and uh, I mean this is the 
relationship between these. I mean this is. These 
would be, otherwise [ ... this factor ... ] and this here, 
index over the refraction of the [ ... ] plexiglass, = 
TA:Yes 
Sl: =these should be close to each other. So that's like a 
linear equation. Well this would be like X [ ... ] and this 
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would be X and this would be like uh some [ ... ] distance 
away or something like that. 
TA:Right, that's right. 
Sl: But I don't see how you would graph that [ ... ]. 
TA:First, you have to-
Sl: 'Cause this is gonna end up-
TA:you have to put sine theta one is equal to Y and 
sine theta two be equal to X, and then write 
down those two numbers here. And then, you can-
you can draw a lgraphl withY versus X. 
Sl: IYeah,l right, but-
52: What would be the [ ... ] 
Sl: Yeah, how do you get- OK, nevermind. 
TA:How do you get what? 
S?: sine theta. 
TA:Theta one and theta two, those are not 
proportional to each other, but, Y and X are 
proportional to each other. So the slope or 
slope inverse is index of refraction, depending 
on how you choose your axis. 
S2: Theta one over theta two ·would be [ ... ]· 
Sl: So we gotta make, (tap tap tap) all these thetas 
into Y s or sine theta into Y? 
TA:Yes. 
Sl: Sine theta? 
TA:Sine theta one and sine theta two. Why? Why do 
you have to do this? Do you understand? 
Sl: Well you can't graph this. 
TA:Sorry? 
Sl: You have to convert this to linear. 
TA:Yeah. That's the point. You have to find the 
linear relationship. 
Sl: I should know all this junk. 
12:18 Sl: [ ... ] rotated this. That's what you're supposed to 
do, right? 
TA:Did you rotate- this? 
Sl: This. Is that right? 
TA:No. 
(walk over to table) 
S2: What're you doing? 
Sl: He said you don't rotate it. 
S2: It says right here to rotate it. 
TA:Rotate what? 
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TA;Rotate this for what? You mean rotate this? 
S2: Yeah. 
TA:Oh, may- maybe you have to rotate this to make 
it parallel. That's all. After that you have to, (pause) 
S2: That's what we just did! (laughing) 
Sl: And then you- I asked you if you rotate it and 
you said no! So then I just put it back? 
S2: Yeah, put it behind there. 
Sl: Will you tell us then, 'cause we just- after 
this we don't know. (pause) How far? (pause) I 
don't think it's really affecting it that much. 
S2: yeah 
Sl: OK tell us what to do now, 'cause we don't-
we- we're trying to figure it out but we can't. 
TA:You- you cannot figure out what? 
Sl: What we're supposed to do at all. Nobody can 
figure this out. 
S3: We got it! (laugh) 
Sl: What are we supposed to do, what are we supposed 
to be measuring? 
TA:OK. Did you make a parallel light? Is this light 
parallel after this lens? 
S2: [ ... ] 
Sl: [ ... ] 
S2: [ ... ] what? 
TA:Yeah, this is parallel. That means the object is 
infinitely far away. There is not object, but= 
Sl: OK 
TA:= the beam represents object which is far away. 
But, if you put this lens here- I don't know 
the focal length of this 




51: Oh! Do you want to- just one and you want 
this distance. 
TA:No, I want-
52: This distance would be ten. 
53: You see, he wants this distance. 
51: What distance? 
53:[ ... ] 
TA:This distance. Distance between lens and screen. 
51: OK. I've got it. Here's the screen. 
52: Here's the screen [ ... ] 
51: OK, thanks. 
15:01 TA: What you have to do is finding the relationship 
between theta one and theta two and you- you 
got the values, which it satisfies, the law of 
nature. OK? You want to know the relationship 
between those two. 
Sl: Between theta one and theta two? 
TA: Yes. So, for example, if you draw a graph, like 
you did, theta one versus theta two, then you 
will get something strange. Then you can't 
analyze data because that does not show any 
proportionality. But, if you think about Snell's 
Law, sine theta one is equal to sine theta two, 
is a constant, so you will immediately fin'tl out 
that, sine theta one and sine theta·two are 
proportional to each other. 
51: So you should- we should graph sine theta one 
and 
TA: Yes, that's correct. And then you are- you're 
supposed to find the values which are urn 
invariant under those changes. 
52: Oh, and we just graph the sines of them? OK. 
51: Yeah, instead of these we graph the sines. 




this is close. 
TA: Then how- how can you find the index of 
refraction by using that graph? 
Sl: By using this one, or the one we're gonna draw? 
(students laugh) 
TA: The one you're gonna draw. 
Sl: Oh. I don't know, but I'll tell you after I draw 
it. 
TA:OK. 
16:40 Sl: See, this should [come] up the side ought to 
make this (pause) and uh (pause) See, these 
things are all common with that 1.53, so this 
should come out urn here. But see if you do that, 
that's gonna end up straight. 
TA:[ ... J 
Sl: Should it? 
TA:[ ... J I don't understand. 
Sl: Well, if we got it. 
TA:[ ... J 
Sl: Yeah, 'cause this is one, so we got this= 
TA:Oh 
Sl: =equal to this times this. Now, take the sine of 
theta. 
TA:Yes. 
Sl: So if we plot- if we plot this, it's gonna end 
up a line. Instead of a [ ... ]. Is that what we're 
supposed to plot? 
TA:Yes. 
S2: Use this [ ... ] this angle [ ... ] this is gonna be a 
line though. 
Sl: But I thought it wasn't supposed to end up a 
line. 
TA:You're- you're supposed to [ ... ] a straight line. 
Sl: Oh really? 
TA:Yes·. 
Sl: Oh. Well I guess that's [ ... ] 
TA:Because this is a linear equation Y is equ~ to 
AX, A is the slope. 
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S1: I didn't know it was the slope. (mumbling) 
18:31 TA: Oh, did you find the index of refraction as 1.7? 
S1: using the slope to change 
S2: The change in Y over the change in X over this? 
S1: Can you do it that way? Or they- or they want 
it the [ ... ] 
TA: Yes. That is what you're supposed to do, but, 
that's quite different from these directions. 
(pause) Can I see the graph? 
S?: Yeah. 
(pause. Another student comes up to the TA with 
a question.) 
S3: Is the focal length supposed to match up with 
the number [on] the lens? 
TA: Match? 
S3: Is it supposed to be the same? If it's a five 




(back to other two students) 
S1: I don't know, it's pretty far off. 
TA: This slope is not- this slope is not 1.7 that's 
(short pause) point 7, isn't it? 
S1: Yeah. 
TA: And the inverse of that is the same as index of 
refraction because you set this axis as sine 
theta one instead of sine theta two. 
20:00 Sl: [Well] to get the slope I just- I took the 
difference from this divided by the difference 
from this. I don't know why I got, like that. 
Unless I have these axes reversed. This is the Y 
and this is the X? 
TA:You don't have to reverse these axes. After you 
find the slope, you have to inverse this [ ... ] 
S2: Inverse= 
-------~ ----------- __ ,_,_-
TA:Yeah 
S2: = the slope? 
TA:Yeah, no problem. 
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S2: So [ ... ] graph to have X over Y? 
TA:Yes 
S2: [ ... ] 
TA:Yes 
S2: OK 
TA:And I think this- this line should pass the 
ongm. 
S1: Oh [ ... ] I didn't set it up that way. 
S2: It's pretty close ... 
21:03 S1: We reverse these, and then we should get the right 
index of refraction. 
TA:Yes 
S1: OK 
21:11 S1: See you next week, Buddy. 
TA:See ya. 
21:57 S1: Is that right? 
TA:Yes. 
S1: OK. 
[ ... ] 
TA:You got .65? 
S1: Yep. 
TA:That's not the index of refraction, is it? 
S1: Is it? No. 
TA:No. 
(S1laughs) 
S1: Index of refrac!tion is 1.4.! 
TA:!But that should! represent index of refraction. 
S2: Oh wait. It's upside down. (laughs) 
TA:Yeah that's right. -. 
S1: Thanks, Dude! (S2 laughs) Invert it! Oh yeah, 
there it is! 
~--------------------------- ·------ ---
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S2: Inverted slope. I knew I was right. It had to 
be! 
23:33 ·s 1: I had my numbers wrong. It could be my 
[handwriting] (laugh) This is 5. [It's] 
one five seven then 
TA:One five !seven! 
Sl: !For Snell's-1 for Snell's Law then? It's still 
high but, 
S2: It's a lot closer than it was. 
S1: One of these- something [is ... ] 
52: One of these must be off a little bit. 
TA:Is that- is that number from the slope of the 
graph? 
S2: Yeah. Using instead of Y over X using X over Y. 
S1: Yeah see, I set up my graph so that I have X 
here and Y here.= 
TA:Yes 
Sl: = So the slope is already going to be the inverse 
1 . ' "t? s ope, 1sn t 1 . = 
TA:Yes 
Sl: = by setting it up that way? 
TA:Right. And N2 is index of refraction of the 
plastic[s], right? 
S2: Hm? 
TA:N2 is index of refraction of this material? 
S2: Two? 
TA:And Nl is index of refraction of air? 
S2: (mumbling) 
S1: So this-,- we'd still be using the graph, to use 
Snell's we'd have to, use the index refraction 
for air and the index refraction for the 
plastic? 
TA:Yes, !that's right.! 
Sl: ITo get B?l OK. [ ... ] 
25:54 TA: [Which is the angle of incidence] is 90 degree? 
Sl: Yeah 
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TA: This is angle of incidence not angle of 
refraction. (pause) What is angle of refra-
what is angle of incidence? What represent angle 
of incidence? 
S1: The angle of incidence? 
TA: Yeah 
S1: That's where it urn lit hits the surface (pause) which 
is )pause) 
S2: jYeah, [when] it hits the surface 
TA~ This is the angle between the normal to the 
surface and the incident beam. Right? 
S1: So the-
52: So the urn this is [315] 
S1: It would be a hundred and 40. · 
S2: Oh, you're right. 
S1: Zero and 315 is 45. 
TA: Yeah. 45 is right. But this is strange because 
your critical angle of incidence is wrong, but 
your index of refraction is right. 
S1: I was just guessin' at the index of refraction! 
(laughs) 
TA:Hm. 
S1: But it is right? 
S2: That close [we got that] 
TA: That's close. 
S2: 1[ ••• ] 45 degrees? 
S1: II just put 1.4 'cause we were close. 
S2: So then you take sin of .. 
TA: Then what is- what is the uh angle of 
refraction? For this case? 
S1: The angle of refraction? 
S2: For this case up here? [It's] 180 degrees. 
TA: No, I mean for [this] 
S1: One. 
TA: For[ ... ] 






S?: For the one- the one where it disappears? 
TA: Angle of refraction is always with respect to 
the normal to the surface, right? This is normal 
to the surface. 
S2: Yeah 
S1: Oh 
S?: IThen what is-1 
TA: ISo whatl could that mean? 
S2: Then that's 90 degrees. 
S1: Then that's 90 degrees. 
TA: 90 degrees. 
S1: Yeah. 
TA: Right. So you get two- two variables. One. I 
mean index of refraction of air is one, and 
index of the refracted- refracted, angle is 90 
degrees, so sin theta 1 is one. 
S1: 1.41 
S2: Look at that 
S1: Hm. I was only off by a hundredth. Not too bad 
for figuring in my head, is it. 
28:30 S1: In column four-
52: You don't wanna know! 
S1: Column number four 
S3: On mine it was the last one. 
S1: This one and this one I think weren't right. I 
don't know. 
S3: I got 1.5 on my second and third and 1.42 1[ ... ]1 
S2: IYeah but this- they want these numerical [ ... ] or 
they want us to [try] this one to that? 
TA:These are from graph Ior-I 
S2: IYeahl 
S3: Right 
TA:Then you got straight line. How can slope 
change? 
S3: I don't know, but mine did. 
S2: Someone didn't draw a very straight line. 
(laugh) 
S1: It's not perfectly straight. 
S2: It's a line that best fits. 
(laugh) 
TA:Ohh 
S2: Does that work? 
(laughs) 
TA:This slope should be close to= 
S2: slope jof 1.51 
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TA:I= alJ the time.j Because even though there are 
some errors, as long as you draw a straight line-
definition jofj straight line-
52: jWell see,j when you're figuring all these, 
shouldn't you just like pick two points and do 
it? And- but when we did it, we did all the 
different points, so 
TA:To be more accurate, you jhave to= 
S2: jbe farther apart? 
TA:= take these two points, and then find the slope, 
and then that's the slope of all interval. 
30:20 TA: Is this the slope? 
Sl: No, this is what I had, but for- for that I 
think [ ... ] 
52: This is my slope on this urn I get a different 
numbers, but 
TA: The index of refraction should be greater than 
one or smaller than one, what do you think? 
Sl: Greater than one? 
S2: [ ... ] index of refraction's [ ... ] 
Sl: [So that] should be greater than one? 
TA: Yes, that should be greater than one or smaller 
than one. 
51: !Greater! than one. 
S?: !Greater! 
TA: Now, how did you find this? 
Sl: I got it from the write-up. 
52: The index of refraction for this? [Naw] it's [ ... ]one 
and then you take a 
, S3: I just put the first two [ ... ] · 
[ ... J 
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S?: I didn't figure it out though. 
TA: That's strange. Why is this number divided by 
that number? 
S2: It's supposed to be this number. 
TA: Then its [coefficient] should be that number. 
S2: Right, that's [what I was saying] one fifty-two 
[over one fifty] 
TA: Oh. 
S2: And you used the write-up. 
Sl: Huh? 
S2: You have to use [ ... instrument...] 
TA: You used your graph to get these number? 
Sl: No, I didn't use these numbers. [ ... ] 
TA: Then your number is different from his number. 
Sl: [ ... ] 
S2: I got a different- I used different [ ... ].I did my 
[ ... completions] or whatever, let's see 
Sl: This number should be the same as this number? 
TA: Yes, they should be the same as these. 
Sl: Oh, well, maybe I should just change this one [ ... ] 
S2: [ ... ],but if this is supposed to be linear, we 
get different slopes, right? 
TA: They're supposed to be the same. 
S?: Supposed to be the same 
TA: They're different because of errors. I don't 
understand how you get this, you just divide 
this number by that number? 
Sl: Yeah- No, I didn't get this. 
TA: You didn't get this? 
Sl: Huh-uh, I used [that if I can find it somewhere] 
earlier. That's what it is. 
TA: And did you use !the slope of this-! 
Sl: !That's what it is, from this! 
TA: Did you use the slope of this graph to get the,= 
S 1: index of refraction? 
TA: = index of refraction? Yes. 
S2: We have to use the slope of this? 
Sl: See, I just-
TA: Yes, that's right. 
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S 1: I a- assumed we were trying to find the index of 
refraction from- from earlier, which is for uh 
what's it [ ... ] and I put 153 'cause that's what 
we had out of the write-up. 
TA:Him.l 
S1: ITol begin with on the pre-lab. That's not what I lfigured.l 
TA: IOh.l 
S2: We use any two points out of this, right? Sir? We use 
any two points to get the slope? 
TA: Yes. 
S2: So if we use any two points, then this would be different 
from that one. 
TA: Yes. 
S2: 'Cause I used these two I[ ... ] I 
TA: IThe slope is not necessarily the same as index 
of refraction. Maybe the inverse of slope is 
refraction coefficient. 
S2: 'Cause I used the first- this one, these two 
numbers. So it would be [kind of] different, 
right, if I use[d] any two points from this 
line? 
TA: This only represent one point here, and you have 
to take any two of those four sets of numbers, 
that means either you take this set or that set,= 
S2: Right 
TA: = or something else. But as long as you draw a 
line here, you have to choose two points on the 
line. 
S2: OK, I got it [ ... ] 
34:21 S1: Reflected goes where? What angle? 
S2: Umm 320 
(pause) 
S2: It's reflected. 
S3: I know. 
S1: OK, and what is the refracted? 
S3: (very softly) hmm [170] 
S1: What, about 160? 




S3: = what's this? 
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TA:Wait a minute. This should be overlapped. 
Sl: They should be 
TA:You're- you're trying to find the critical 
angle, aren't you? 
S3: Right. 
TA:So, maybe you should turn this to the round 
surface. 
(laugh) 
Sl: Thanks, Dude! 
S2: Sorry. 
36:16 Sl: That's about right right there. 
S2: You sure? 
Sl: No, but 
S2: "Repeat steps one, two, and three quickly to see 
if you have parallel rays." (pause) Looks like 
they're parallel at 5 millimeters apart. 
TA:How can you find whether they're parallel or 
not? 
Sl: [ ... ] Well, if you just slide it back and forth. 
If they stay in the same place, you know. 
TA:The- they should be parallel after this lens, 
so you have to 
Sl: Oh. Well if you just slide this thing back and 
it stays. 
TA:Are they parallel? 
S?: Yep. 
TA:I don't think so. 
(all laugh) 
S2: So what- what did we- what'd we do wrong? 
TA:I don't know. 
Sl: Well this thing should be at 50 centimeters, 
right? 
TA:Fifty !centimeters?! 
S?: IWe got it set up [ ... ]I 
S?: IYou know what,l though, 
S 1: from the light 
TA:Umm 
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S2: This is what- we had to do this first, I think. 
TA:Yeah. 
S2: Without it. 
TA:Is- is this 50 centimeters? 
S2: JOhhhJ 
S1: !Yeah, it was.J 
TA:Wait a minute. There is a [ ... ] here. And this is, 
.35 millimeters; it should be 85. And then, as 
you move back and forth, you get some change. 
S2: Think of Jthat!J 
TA:JMaybei [ ... ] 
S1: It's a minimal amount that-
52: OK, so now how do we get up [to] 5 millimeters 
apart? 
S1: Rotate the [ ... ] by vertical axis. 
S2: "Move the screen to the far end of the bench." 
Left or right. 
S1: Where's your- this one? 
S2: Yeah. 
S?: They're not separate at 
S1: Well see, if we move this, that's gonna mess it 
up, so if you- they won't be parallel any 
longer. 
TA:That 's right. 
S2: So, what do we do? 
TA:You have to fix it, and then you put another 
lens. This is just for make the ray parallel. 
You're not investigating the focal length of 
this. 
Sl: OK, so this is parallel now, so we take it out? 
TA:No.= 
S?: No. 
TA:= It should be always parallel. 
S1: So now we're gonna put another one in after it; 
TA:Right.= 
Sl: !That 's-1 





S2: That's a whole centimeter there. 
S?: There we go. 
S2: Now do we measure? The distance between 'em? 
TA:You have to find the focal length. 
S2: OK 
Sl: [So] the focal length's urn (flips pages) Oh that 
should be [ ... ] 
TA:To find focal length, you have to focus the 
beam. 
Sl: Oh, OK. Then that'd be the- to the center of 
the- the lens? 
TA:OK, what is definition of focal length? 
Sl: That's the point at which the light rays 
converge. 
TA:OK. Then, converge, what kind of rays? 
Sl: Parallel rays. 
TA:Right. 
Sl: Incoming parallel rays will converge at the 
!focal point.! 
TA:IOK thenl what about diverging lens? For diverging 
lens, [you]- what's the definition at the focal 
length? 
S2: That's where it reaches infinity? [ ... ] 
Sl: Well the focal length would be- for diverging lens- if 
this were a diverging lens, the focal length would be back 
here, !wouldn't it? 
TA:IYes, that's right. But how do you find it? 
Sl: By bringing the in- converging, rays, and when they go 
out parallel,= 
S2: Yeah 
Sl: = at the point from convergence to the point at which they 
go out parallel, that would be the focal length. 
TA:Yes, that's right. 




41:35 51: Which do you feel is more accurate? The one we 
did before [ ... ]? 
TA:I told you that uh, angle of incidence and or 
angle of refraction always should be equal or 
less than 90 degree. How can they be greater 
than 100? 
(pause) 
S1: I dunno, she did the math. 
(laughter) 
52: Thanks! 
Sl: Oh you know, we have to subtract this from 180, 




Sl: Heh-heh-heh! I shoulda done the math. 
(52 laughs) 
51: Just kiddin', just kiddin', relax. 
S2: I took it from zero. I'm sorry. 
53: So it's still gonna be the same [ ... ] Five 
hundredths of a fraction, it's not gonna change. 
51: Well, I don't care. 
(laughter) 
S1: [That's] not the important part. The important 
part is we have nine minutes left. 
S2: I think that Snell's Law, 
(laughter) 
51: "If Q, re-give the reason or reasons for your 
choice." 
43:20 S1: Why won't [the] ray fit! 
TA:There's no ray? Is it on? 
S2: It should be on this way? There. 
S1: Ah-hah 
43:41 S1: OK, so it went from a- from a- a- a solid 
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point to a dull point. 
S2: From a sharp, small point, to a-
TA:If this angle is 45, is [this] still [ ... ]? 
S1: Yeah 
S2: Yeah 
TA:[ ... ] 
S?: [ ... ] 
TA:What's the formula [defined] now [for] the index of 
refraction? 
S2: OK. [I'm gonna] use Snell's Law anyway. 
S3: Yeah 
(pause) 
S1: We had to take, let's see, (pause) ithis-1 
S?: Is that the !sine! of 45? 
S1: Yeah, divided by the other one. The sine of 45 
divided by the sine of uh= 
S3: 40 
S1: = 60 
S3: 30 
S1: Y 40? 
S3: [ ... ] right here. 
S1: Oh OK 
TA:Y is 40? 
S1: No, it wouldn't be 40. It's gonna be, '360 minus 
[ .•. J 
TA:What is angle of refraction? 
S1: lit's from the normal, right?! 
S2: !Angle of refraction?! 
TA:Yes. 
S2: There isn't any. 
S1: Yeah there is. 
TA:There isn't any? 
S1: !What did you say the normal was? 
S2: ![ ... ] I said, what, the normal, which one was it, 135. 
S1: The normal's 135? 
S2: Mhm 
S1: OK. Then it came off. 
(pause) 
S3: [What do I record?] 
·----··--·-· ·- ... 
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S1: j90.j 
S2: j135.j And that's why we decided it was 135, is it 
went from zero instead of 180 up here. 
S 1: One point four. 
TA:1.4? 
S1: Is that right? 
TA:That sounds right, but I don't !know how you 
get it.l 
S1: jHeh-heh-heh!l I do. 
TA:By the way, jwhy is that I the jangle! of refraction? 
S3: !How do you get it?l 
S1: !We took-! the angle of refraction would be 90 degrees,= 
TA:Right. 
S3: jOh that's right.j 
S1: = jand the angle-! and the other angle's what 45 degrees, so 




S2: Uhhh j[ ... ]j 
S1: jCan we quit! now? 
TA:Sorry? 
S1: Can we quit now? 
TA:[You can go] 
46:06 TA: You know what's critical angle is? 
(pause) 
S1: [Well it's not gonna come out ... ] 
S?: hm-hm-hm 
(pause) 
TA: Then what is critical angle here? 
S 1: I have no idea. 
TA: See, the beam comes through here and then 
refracted here,= 
Sl: Awright 
TA: = but there should be no refracted light 
because, refracted light, goes through this 
surface. Then the refracted light will 
disappear. To do that, you have to rotate this, 
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and then look at this point. (pause) It 
disappear around here. Right? 
Sl: Where, here? 
TA: Here. 
Sl: [ ... ] 
TA: [ ... ]. Disregard this point. This is reflected 
light. It disappear. So when they disappear, 
that's critical angle. 
Sl: Oh. (pause) I didn't see that. 
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APPENDIX B. 
The Reflection and Refraction of Light 
1.)-! 
?:-:vs :..:s '' 1 
?re-lab assi~n::tent: ~ad or scan as see1111 appropriate :!'le referenced -::acerta: 
and che o!:<:;J<!ri::tenc descr-1.pc ton. 7h<!n ar.sw<!r :'".~ ;·,~;:: n:; 
:hac follow ~elow. 
rncr-oduction: 
rn ::toH ~f our everyday experiences with visible light, che ·o~ave ;JOperci~s Jf 
light are nee apparent. 7he descri;Jtion of che ;Jropagation of li~ht in these 
situations, and also in :~any co~on optical instruments such as eye ~lases, 
ca::~eras and ::licroscopes, involves a branch of physics called geomec rical n ray 
Jptics. The simple equations of r-ay optics assume that light travels in a 
straight line unless reflec:~d ~Y a surface or r-efracted (i.e., deflec:ed) jv a 
change in che optical pr-ope::ies of c!'le ::tedium through which che tig!\c is 
passing. Ray optics ignores effects such as diffraction and interfer-ence wnich 
resulc from the wave nacure of light. 
Reflection of li5hc: 7he ce~ soecular reflection refers co reflection :rJ::t a 
smooth surface, while diffuse reflection refers co reflection from a surface 
chat is relatively rough. 
For che case of specular reflection, such as from mirrors o~ ordina~r gLass 
surfaces, a reflected light ray leaves ch~ surface in a unique jirec:ion. !n 
particular, che reflected ray 
t. lies in the so-called plane of incidence, ~hat is, the plane formed by che 
incident ray and the no~l to the surface; 
2. form~ an angle With the normal (angle of reflection) which is equal to the 
angle between the incident ray and the normal (the angle of incidence). 
Using the angles shown in Figure 1, this second condition can be written 
algebraically as 
92 • 91 
For most surfaces, the reflection is diffuse. It is this type of reflection 




~ef~action ~f light: ~nen 1 c~~~t ray passes fro~ one tra~s~are~: ~ter~al 
i~to a second, the rav •ill ~~a~~e jirection in a way descri~ed 'v c~e '~~cLe 
algebraic relation gi·1en 'Jelow ·•hich :.s called Snell's law. 
nonal :o cCJrface 
:nedium dl 
,., sin. 7., • :1. 5:.--:. 
atedium 112 
:'he indexes of refrac:ion of the :·•o uterials are rept"esented by :he 
~ara~ecers n1 and n:, while ~~ and ;,, the an~le of incidence and :~e an~le of 
refraction, at"e :ueas.;red ·•H., rasped: to the not"::al to the surface .,et·•een c"le 
c·•o ::~edia. :f one j)refers co ·-1se a different an~le to describe :he incUenc n 
refracted ray, then 5nell's Law JIUSt be :Dodified accordingly. '<nowled;e of ::O.e 
definit~ons of a1 and ,, and Snell's Law are of equal i:portance in Jredi::in~ :he direction of a refracted ray. 
che index of refraction of air is approxi=ately unity (nair • 1.000278 
for '• 500 nm) while that of ~est transparent ~terials is in the range ~.3 co 
l. 7. ~ote that if nz if greater than "l' then ~, is less than "t and ·:i:e 
·tersa. 'Thus, a ray entering a region of larger n~bends towat"d the nor::~al ·•hile 
a ray entering one of tower n bends away from the no~l. 
I I 
small ri (eg., air) small n 
large n (eg., glass) large n 
Total internal reflecti~n 
,refracted t'ay 
ray 
~lass (n1 ) air (:t..,) 
When a li&ht ray i1 incident on a s~ooth boundary separacina twa transparent ~aterialt, 
it it aenerally split intu reflected and refracted raye. Kovever vhen the ~ncident ray 
is directed toward a reaion of lover n there ••Y nut be a refracted ray. This 
situation is illuatrated above. As we progresa fro~ case A to point 0. che dn~le of 
i:"lcidence and tne cornnondina angle of refraction are increasina. At point ::>, wnere 
che angle of incidence equals che ~ritical ansle,e , tne refracted ray is parallel co 
the boundary. Fur anales of incidence larser thanc9 chere is no refracted ray. and 
all of the incident beam is reflected fro• tne boundiry. A for~la for che ~ritical 
an~le ia obtained by settin~ the angle of r•fraction equal co 90° in ·snell's lav: 
n2 nair 
n1 sin 9c • n2 sin 90° or sin ec •- • ---nl nglau 








The focusing ~ropercies of a chin lens are characterized by ics focal lengch, f. 
The focal length of a converging lens is ch~ discance from che lens co che ~oinc 
ac which incoming parallel rays converge ( see Fig. A l. Parallel rays are 
refracted away from one anocher by a diverging lens; when excrapolaced backwards, 
:hese rays appear co originate ac che so-called focal poinc. The focal lengch 
in chis case is defined co be che negative of the distance of this ~oinc from 
che lens ( Fig. B ). The distances from a chin lens co a point obiect and its 
i~age ( Fig. C l are relaced co the focal length via che chin lens equacion, 
l~l.l 
0 i f 
8y using Snell's law, che focal length of a chin spherical lens can be related 
co che radii of cur1acures oE its :wo surfaces and che index of refraction of 
che glass. An i:tvloved derivation :1ields che lens-makers equation 
n } • c~ -tl cL ~ L 
nair Rl R.2 
where ~~ and R2 are ~osicive for convex sur~aces and ~e.ative for conc3ve surfaces. 
?hysLcs ill - ?re-lab ~o. LO 
Page .:. 
Reading the following repr1.nt from the "Dear lsaac .~ewton" column will hel? 
you w1.th t~e questions that follow. 
Dear lke: 
!iy lab Lnstructor told me to sit Ln the corner and "analyze" my d3ta. ?tease 
g1ve me some clues as to wnat sne's talkln~ aoout. 
J. Horner 
Dear Jack: 
Faced w1.th a co~tectLon of numbers, a sc1ent1st seeks to s~ar1.ze 1.n a 
concise way the LmplLcatlon of that data. Often she nas the follow1.ng 
purposes 1.n ~1na: 




degree to wn1.ch the data set Ls represented by a 
equat1on ana to characterlze any dev1.at1on1 from that 
Often the equat1.on uted 1.s su~gestea by tne appl1.caole 
2. Lf no rel1.able theory i1 available (e~, compl1cated secondary effects 
may make use of slmple·theories unrealistic), to find an equat1.on 
that reproduces the trend of the data. Such an equation is called 
empirical, meaning it is based solely on experiment. 
3. to determine the molt accurate values potsible for any constant(s) •~ 
the equat1.on, 
4. to obta1n reliable estLmates of the uncertainties in the results. 
The methods used can be oraohical or numerical, and often involve tr1.aL a~= 
error as -.ell as colDIIIon log1.~:. The cot111110n graph1.cal technLques for .1nal/u~g 
a set of lata for t-.o variables, y ana x, Lncluae 
l, a s1.mple plot of y vs. x, Lf the po1.nts are scattered all over t~e 
page or L1.e along a horl.&ontal or vertL~:al l1.ne, y ana ~ are 
unrelated, or aa 1.s sa1a 1.n faahionable c1.rcles, are un~:orrelated. 
Lf the points l1.e along a straLgnt l1.ne whLch 1.1 not parallel to one 
of the axes, y and x are l1.nearly related, 1.e, y • ll1X + b, Lt tne 
Line goes throu¥h tne or1.g1.n, y and x are d1.rectly proportlonal to 
one another, 1.e, y • IDX. 
2, a graph which includes b.oth the data points ana a curve represenung 
an equation; if the points Lie lwlthin the estLmated uncertaintLesJ 
aLong the curve, then it can be saia that the equation represents the 
data, lf some or all of the points ao not lie so, the discrepancy 
will be visually apparent. 
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), plotting the data so as to ~et a strai~ht line. Even 1f y ana ~ are 
not linearly related, one can str1ve to fino funccioqs of y ana/or ~ 
or choose nonlinear araph ?&per (e~. log-lo~i paper) such thac a 
strai&ht l1ne results. For exa~ple, 1f a plot of y vs, xZ j1elas a 
straight line, then we ~now that 
y • ax2 • b 
This is a very common technique; a few ocher examples are tabulated below, 
Plotting !Dethod that Functional relac1on that 
yields a scrught line exists between y .and x 
plot y2 VIe X y2 • ax • b 
plot y vs. _ilz y • • rx + b 
plot lo~ y vs. lo~ x y • ax0 
or y vs. x on Log-Log paper 
plot log y VI. X y • aebx 
or y vs. X on log-1 inear 
(semi-Log) paper. 
Numerical methods include 
L. direct numerical comparison of the data with a function. Since ~nli 
often can be done in.a way which does not require the knowledge Jt 
all the constants involved, this approach u more use_ful tlun i.e -nay 
sound. For ex .. ple, the period, T, of a pendulum is expected to be 
related to 1ts Length, L, by the expression 
I 
Kence, if the perio~ is measured for various lengths, we expect the 
ratio T/I'C to be constant and to have the value zw;fi, The degree to which 
thia ratio ia not constant indicatu the minuaum level at which unwanted 
secondary effaces (measurement errors, air drag, etc,) are affecting the 
results. 
2. leaac-aquare fitting procedures. Thi1 method y1elas more 
comprenen1ive results than graph1ng cechinques, but requ1r11 more 
expertise and effort to be used correctly. As computers become 
cheaper and smeller, Chela procedures will likely become more common. 




L believe ~c's c~me co close this Letter and Lee you up for a~r. The cop~c• 
of least-square f~c• and uncerca~nt~e•, wh~ch l'm aure you are ay~ng co ~ear 
about, will have co wa~c for another aay. 
Good luc~ w~th your data. 
. LN. 
Ex ere ise •11: 
For each of the irapna shown below, state the funct~onal relat~on between y 
and x chat is su,,eacea by the oaca. 
-------
_11:!\ 'i ----- ,.----- l.tri Ij---------.------4;11'1----
(:.} •• -£-~ ---- - ~ -L~ _ ---~--.....QCA-~ ___ _ 
-- ---------- ---------- -
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A light beam passes through a semi-
circular shaped piece· of plexiglass as 
shown. 
a) What is the angle of incidence at 
surface •1? (Please use the standard 
definition of this angle!) 




b) As shown in the figure above, ·o~hy does the light ·beam not 
direction at surface ~2? 
c) What is the index of refraction of the plexiglass? 
d) Consider the same plexiglass block 
oriented as shown at right. When the 
tncoming beam striKes tne flat surface at 
the central point A, it is split into 
reflected and refracted beams. Sketch these 
two beau giving in each case the angle each 
~Kes with the line of the incident beam. 
e) If the plexiglua block described in part (d·) is rotated :xlut the 




Lab ~;o, lO 
DArE:' ____ _ 
NAME: _____________ ___ 
US PARTNER.:----------
The Reflection and Refra~·ton of Li~ht 
Ac:ivities 
You will observe the reflection and refraction of a laser beam, measure the 
~hange of direction of the beam for various orien~ations and compare these 
results to the relatively Si=Ple laws of reflection and refraction. You will 
?repare a set of parallel laser bea~ and observe the :ocusing ~roperties of 
various lenses with these parallel rays, deter~ning Che focal len~th in each 
case. A brief ·outline of the lab activities follows. 
I. Preliminary preparation of che apparatus 
II. Reflection and refraction - a qualitative look 
III. Specular reflection and refraction -some quancative results 
a. Che law of reflection 
b. Snell's law 
c. che critical angle 
AP?E::IOIX. Multiple rays and lenses 
~jor equipment items 
1. A neon-helium laser with a ectal radiated power of 0.5 mW (0.5 ~illiwatts) 
z. Optical bench with assorted accessories anrl lenses 
3, A ronchi ruling with 300 lines/inch for producin~ ~ltiple light beams. 
Laser Safety: Although the power of the laser you will be using is too low to 
be used for burning, cutting or drilling of ~terials, it is powerful enough to 
be of some risk to the retina of your eye. Do ~ot Stare Directly Into The 
Laser Beam OT Its Bright Reflections. Be sure that your laser is o.ot aiud 
where it ~ght strike someone's eye. A good rule to fqllow is to have your 
laser aimed at a nearby screen or wall before turning ic on. 
This ~eek's experiment is quite extensive. ~epending on your familiarity with 
the topics and your own experimental expertise, you may or may not finish ~l~ 
the parts of the procedure. If you do not finish che lab and you have done 
your best, ~lease relax. You are in class co learn, not be che fastest optical 
~ench jockey in town. Use reasonable care wich those Measurements you do 
finish; please, do not rush or dawdle along! 
Some Reminders: As with all records of laboratory work, you must 
1. ~ 2!n (except perhaps when making graphs); 
2. preserve your original data recorda. Hence, include with your report 
today the original sheet on which you trace light rays; sign and date 
this record. 
'-------
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I. Preliminary preparation of the apparatus 
I(a) A:i!(n:nent of the laser: 'Nith the laser :nounted as far co ehe :.eft as 
?ossible, check to see :hac the beam ;.s parallel t;) ::he oench, adjus::l:lg 
t!-:e height of the laser stands as needed. 7he beam should be about 2 7 c::~ 
above the central de~ression in the optical bench. 
5":1 
I(b) Accesso~' 'latform: ~ounc the accessory platform at the right end of the 
bench, adjusting its height so chat it is uniformly Smm below the laser 
beam. For elevation measurements, the aluminum block with a piece of 
graph paper attached is particularly useful. 
,\n important note: For reproducible 
results, you will wane the platform 
to be held rigidly in place. "After 
tightening the two thumb screws on 
the accessory carrier under each end 
of the platform, the platform should 
be firmly in place. If you are able 
to lift up either carrier, then the 
steel fingers shown in the figure are 
not in their proper place under the 
rectangular steel bar affL~ed to the 
~pcical bench. Seek aid 1f you need it. 





So that there is a barrier to stop the laser beam reflected by objects 
that will be placed on the platform, insert a strip of sheet metal in 
each of the slots machined alons the edges of the platform. One strip 
should have a notch which allows the beam to enter the reaion over the 
platform. These metal shields will help protect your eyes and those of 
others in the rooa. 
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rr. Reflection and Refraction -a quali~a~ive l~ok: 
?lace a pLece of paper (see end Jf wr~teuol ~n the 
platform. !hen lay a rectangular 
piece of plexiglass on the pacer and 
observe ~he reflection and refraction 
that occurs at various surfaces for 
various orientations. Af:er :<ou have 
experi~ented for avhile, posit~on ~he 
block such that the laser beam strikes 
one surface at about 45° near a corner 
as shown. !race the outli~e of the 
block, and trace the paths of the 
incident, reflected and refracted rays 
outside of the ~lock. 'Jhen you are 
done, re~ove the block and t~ace on 
the paper the path the beam ~st have 
lase:- jean 
had within the block. Attach this drawing :o ·<our or- ·1our 
Question 41: Does the ray entering the block at surface ¥1 refract toward 
or avay from the nor=al to the surface! Circle o~e: (toward, away fro~) 
Explain this resu1 t: 
Question 112: Does the ray leaving the plexiglass through surface '') 
refract toward or avay fro~ the normal: (taward, avay from). Explain this 
result: 
Stand the plexiglass block up an one ed~e. 
and reflect the la~er· beam back toward the 
safety shield on the left. 
Question t3: How many reflected beam. can 
you see striking the shield? LDok 
carefully. 
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T~y r~fleccing the lase~ beam f~om a white ca~d. 
Quescion :k4: 'low '!lany well-defined beams refLect :~om c"'e whice 
ca~d 7 
!s any li~!:H reftecced by the "'hice ca~d7 ----------
Ques:::ion •6: '•r.en viewing ::-~r:~ an arbi:ra!'"'J angle, for ·.;hich ~:r;'! ": s·"=:.ace 
(;lle:tiglass or whi::e card) Ls ~: easier :::o discern :he place ·•t:e=e ::-.e .;F: 
beam s::rikes ::he sur!ace? ~X?~ai.n if you can. 
Question <17: Reflection f=1m a s~ooch su~face such as that of polished .. 
plexiglass is referred to as reflection ·.thile 
refLccc~on from a rough surface such as chat of a white card is referred :J 
as reflection. 
!II. Specular ~flection and Ref~action - some 'uantitative ~esults: By usin~ 
a p~otractor and ray directions reco~ded as you did in the orevious 
section for the plexiglass block, the laws of ~eflection and refraction 
can be tested. A ~ore di~ect p~ocedure involves using polar graph pacer 





tf an incident light ray strikes the center of the flat side of the ~lock 
as shown above, chen the refracted ray within the block will be nor~ll! 
incident on t~e =ved surface and "'ence suffer no change in direction as 
it exits the b. Thus, the ray "'.anges direction only once for this 
arrangement, tha. is, when it enters the block. !he relative directions 
of interest can be directly noted and read from the polar graph paper. 
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!!!(a) Che Law of Reflection: Use the p~ocedu~e. outlined below co 
Measu~e the angle of reflection fo~ va~ious values of the angle of 
incidence. 
(l) Ca~efully posi:ion the piece of pola~ graph paper on the platfo~~ so 
chat the lase~ beam passes di~eccly ove~ the 0° and 180° 'lla~ki:'!gs, ·•ith 
the ·:l0 urk located on the left. '(ou will find the metal block ·Ji.th t~e 
attached grid helpful ~hen aligning the ~aper and later ~hen measuring 
various ray di~eccions. :.O'hen the pape~ is p~:>pe~ly aligned, cape i: t:-:c:> 
posit ion, 
polar graph paper 
f---.~.- p lexiglus block (shown ~~ 
the 120° - 300° orientatloni 
(2) Study reflection from a p~lished edge of a plexiglass block. Place 
the block so chat the front reflecting edge crosses the exact center of 
the paper. For the various orientations of the front surface listed 
below, observe the direction of the reflected beam. Please note that a 
ray GIUSt pass over the canter of the paper for the angular ~rkings to be 
useful in dete~min1ng the ~ay's direction. 
-----------Raw Data------- ------------Analysis-----------
I Orientation Direction Direction Angle of Angle of 
of reflecting of reflected of nor~l incidence reflection 
surface beam co surface 
120° - 300° 
135° - 315° 
150° - 330° 
Coapleta the table above for each of your maaaurements. 
Approximately, to what level of accuracy (express~ in degra .. ) does your 
data set confirm the law of specular reflection? ________________ __ 
At this point, ask your instructor to check your work.~ 
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III(b) Snell's Law: Use the 
procedure outlined below to study 
quantitatively the refraction of 
light by a surface. Center the 
straight edge of a semicircular block 
of plexiglass on the graph paper. 
For the various orientations of the 
front surface listed below, observe 
the direction of the refracted 
beam. For later reference, you =ay 
wish to mark the position of the 
refracted beam on the ~aper. 
Remember, for accurate angular 
dete~nations by this method: 
---+-Cf 
(1) The plexiglass must be centered on the paper; 
(2) !he incident beam must strike the block at a point directly over :~e 
center of the paper; 
(3) Note that you can use the beam reflected from the front surface of 
the plexiglass to help position the block precisely. 
(discussed below) 
--.....-- Raw· Data ----•·-r.--------Analys is ---------~ .... 
Orientation Direction Direction angle of angle of 1 .1- 3 
of front of refracted of no~l incid- refract-




130° - 310° 
150° - 3J0° 
l70° - 350° 
In considertng·the data above, two questions arise qu_ite naturally: 
a) Is 62 related to 61 as predicted by Snell's Law, or does nature suggest 
some other functional dependence between 91 and 62? 
b) If the mathematical form of Snell's Law se .. s correct (to some level of 
accuracy), what is the value of the pertinent parameter 1n that equation 0 
namely, the index of refraction of the plexiclass. 
I 
Physics ell - La~ ~o. LO 
Page '~ 
161 
3oth of these questions can be answered to a satisfactory degree ~ith one 
well c!-.osen s-raph. t:se the data above to construe~ an acoropriate 3ra:H1 
of vour results. Then use this ~raph to respond 1ntell1~ently to the 
t·~ questions above. (C<Jlu:nns 'll and '12 in :he :able a!love can !le used 
as ;:ou see fit.) 
Response to (a): (2:x,lai.n ·:our answer ~eil:) 
Response to (b) : 
lndex ~: refraction: ________________ _ 
To contrast with this graphical analysis, perform a brief nu~e~ical analvsi.s 
of this data by calculating an appropriate function of dl and ~, ~~ich, on 
theoretical grounds, you expect to be constant. Enter tnese vaiues in c:~":nn 
d3 above and write the function calculated at the head of this column. 
Comment on these numerical results·-------------------------------------------
Which of these numerical values do you expect to be the most accurate, or do 
you :eel they are equally accurate? ( Hint: Is refraction equally noticeable 
at all angles of incidence? ) Explain. 
t:se the results of this analysis appropriately to calculate the i~dex of 
refraction of the plexiglass. Use a procedure which is like.l.y, in your opin-
ion, to yield the ~ost reliable value. Describe in a few words the procedure 
or data used. 
Procedure used=---------------------------------------------------------------
index of refraction: ________________ __ 
At this point, ask your instructor to check your work. rJl . 
Make corrections as necessary. ~
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[II(c} Critical angle. The inde~ of refraction of the se=i-circular 
block can also be determined from the critical angle at ~hicn a refracted 
ray leaving the plexiglass first vanishes. Arrange the blvck on the 
accessory placfot"ttl in the orientation shown ;.J• 
at ri~hc. As before, the 'lock ~st be fA\ 
centered on the graph paper, and the beam \, 
should strike the flat side of the block 
above the origin of the paper, ~otice that 6 
the incomin~ beam · .. ,.ill not ~e deflected ~::c:~!.:-t~ 1 •o~hen it first enters the ple>Ci~lass. ~"'a.~ ~,.---- -j~=~' 
Locate the reflected and refrac:ed bea~ on 
your apparatus, and sketch their patns on 
the above drawing. Then slowly rotate the 
~;~~:r~;:'· u~~~in~h;a~:f;~c~::P b!~= P;~~:;ly 2)<; • 
vanishes, Record the orientation of the flat side of the block, and fro= 
this orientation calculate .:he critical angle of incidence and the inde~ 
of refraction of the block. 
orientation: ------------~critical angle of incidence: 
index of refraction: 
You nave now determined the index of refraction of plexiglass by cwo 
different procedures. Compare these cwo results and indicate which resul: 
you feel is ehe most accurate. Give a reason or reasons for your choice. 
As you rotate the block from the 70°-250° position coward the critical 
orientation, what change do you nntice in cne intensity of the reflected 
beam? -------------------------------------------------------------------
At thts point. ask your tnsrru~ror lu ~neck your work. ~ 
. If you nave any time remaining, continue on with the activities outlined in 
cne Appendix that follows. 
?~ysics lll - Lab ~o. 10 
?age 16 
APPE!'IDIX. 
~ulciple rays and lenses 
169 
To study the focusing properties of a lens it is useful to have a sec of 
incoming parallel lighc 'e~ms. ~e can 
produce such a set from the single beam of the laser by using a Ronchi 
ruling. A Ronchi ruling consiscs of finely spaced parallel slits. It 
uses the wave properties of light to produce a set of outgoing beams which 
diverge from the point where the laser beam strikes the ruling. These 
diverging beams can then be made parallel by using a single lens located 
one focal length from the ruling. 
IV(a) Setup of multiple, parallel ray system: Aa shown belov, place a 
Ronchi ruling, with its lines oriented vertically, iomediately in front of 
the laser. Position a large lens with a focal length of 50 em at a 
distance of 50 em .from ehe ruling. Ai~ the laser so that the multiple 
beam pattern is centered on the lens. (You can lower the ruling briefly 
to determine the true central ray of the pattern.) Remove the accessory 
platform. 
50 em ~ +SO c:m lens 
I :/"" 
ruling ~ S pa~allel beCDS 
v-ehaped opertu~e 
Obtain a pattern of five parallel rays, spaced by 5 =m each, to the right 
of the lens by the following procedure: 
(l) Place a screen immediately to the right of the lens. 
(2) Rotate the ruling about a vertical axis until the beam rays striking 
the screen are separated by 5 .. each. 
(J) Move the screen to the far right 
a distant wall). Move the SO ca lena 
slightly left or right until the 
beam~ are again separated by 5 - at 
this distance also. 
(4) Repeat steps l, 2 and J quickly 
to see that you have parallel rays 
separated by 5 .. each. 
(5) Mount the V-shape4 aperature in 
front of the lens so that only the 
central five bea .. reach the lens. 
end of the bench (or better yet, use 
beams produced 
by rulina 
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IV(b) Parallel ravs and si=le lenses: ~ount in turn each lens listed in 
the table below in the path of the five parallel rays. For each 
convergi~g lens use a ~ounted screen or scale as needed to locate the 
focal point and use a rule to directly ~easure the focal len~th to the 
nearest mllimeter. ror tne case of the divergi~g lens, uke a sketch of 
the ray~ and list the measurements you made to deter~i~e the focal :en~th 
in the space following the table. 
Nolllinal focal length ~easurerl focal len~th 





Sketch and calculations for the diverging lens: 
• 
For the case of the •5 cm lens, estimate the accuracy of your value for the 
focal length. Explain how you arrived at your estimate. 
At this point, ask your instructor co check vour work.~ 
II you have reached this point with a good understanding of today's activities, 
coafjatulat1ona. You are welco .. to use the apparatus to try other lens 
c:oa aacione or whatever suits your fancy. in the time, if any, chat reu1ns. 
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!racing of laser beam path: 
lil 
:E: ___ _ 
:lAME: _________ _ 
~ PAA~ER: _______ _ 
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